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ABSTRACT 


Several  studies  have  recently  been  made  of  trans¬ 
portation  problems  in  particular  urban  areas;  but  very  few 
of  these  have  considered  the  economic  problem  of  how  to 
achieve  the  best  allocation  of  scarce  resources  in  the  pro¬ 
vision  of  urban  transportat ion  facilities.  This  thesis  pro¬ 
vides  a  possible  approach  to  the  selection  and  application 
of  the  necessary  economic  criteria.  The  components  of  the 
costs  of  alternative  transportation  modes  are  listed  and 
estimates  made.  Factors  influencing  consumer  choice,  par¬ 
ticularly  between  automobile  and  transit  services,  are 
examined.  The  evaluation  of  ’benefits*  and  the  estimation 
of  demand  curves  are  considered.  A  method  of  optimum  out¬ 
put  and  price  determination  is  developed.  Optimum  invest¬ 
ment  criteria  are  described  and  based  on  methods  of project 
evaluation  such  as  the  ’benefit- cost*  analysis.  The  thesis 
contends  that  an  optimum  course  of  investment  must  be  based 
on  rational  price-output  policies;  but  that,  for  instance, 
peak-period  travellers  do  not  usually  pay  the  marginal  costs 
of  extra  transportation  capacity  which  is  idle  during  most 
of  the  day. 
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CHAPTER  I 


INTRODUCTION 

Total  expenditure  in  19 66  by  all  levels  of  gov¬ 
ernment  in  Canada  amounted  to  almost  one-fifth  of  gross 

1 

national  expenditure  at  market  prices.  It  is  clear  that 
the  role  of  government  in  the  economies  of  this  and  other 
nations  is  of  immense  importance,  and  it  cannot,  therefore, 
be  disputed  that  special  attention  is  required  to  make  the 
best  use  of  the  resources  governments  place  at  their  own 
disposal . 

The  development  of  sound  analytical  policies  to 
aid  governments*  economic  decision-making  is,  moreover, 
all  the  more  vital  because  of  ’’the  absence  of  any  built-in 
mechanism  which  would  lead  to  greater  efficiency."  In  the 
world  of  private  enterprise  the  price  system  and  the  profit 
motive  are  essential  components  in  the  economic  system  by 
which  an  ’optimum*  resource  allocation  is  achieved.  Gov- 

Dominion  Bureau  of  Statistics,  National  Accounts 
Income  and  Expenditure,  1966  (Ottawa:  The  Queen’s  Printer, 
I967) ,  Table  2,  pT  18 .  Government  expenditure  totalled 
511,169  million,  while  G.N.E.  was  $57,781  million. 

2 

Roland  N.  McKean,  Efficiency  in  Government  Through 
Systems  Analysis  (New  York:  John  Wiley  and  Sons  Inc.,  I95S ) , 

P.  9. 
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ernments,  on  the  other  hand,  do  not  necessarily  go  out  of 
business  if  they  fall  to  subject  their  activities  to  the 
test  of  the  market,  nor  do  they  always  consider  such  a  test 
desirable.  The  profit  motive  is  abandoned  in  favour  of 
value  judgments  or  quantitative  assessments  about  the  de¬ 
sirability  of  certain  activities  in  accordance  with  some 
notion  of  what  is  required  "in  the  public  interest."  This 
Is  not  to  suggest  that  government  expenditure  is  made  hap¬ 
hazardly,  for  the  economic  issue  is  but  one  among  many.  The 
pursuance  of  high-level  aims  in  trying  to  improve  man’s  wel¬ 
fare  involves  the  making  of  value  judgments  by  responsible 
persons  who  do  not  always  decide  that  the  criterion  of  econ¬ 
omic  efficiency  is  the  most  important  one.  It  is,  however, 
an  important  criterion,  and  efforts  must  be  made  to  im¬ 
prove  it,  while  it  is  recognized  that  other  criteria  may 
sometimes  supersede  it  if  political  or  other  value  judg¬ 
ment  deems  such  a  policy  necessary. 

The  provision  of  adequate  transportation  facilities 
in  metropolitan  areas  is  an  important  sphere  of  government 
activity.  In  the  1964-65  fiscal  year,  governments  in  Can¬ 
ada  spent  over  $400  million  on  urban  streets  and  freeways 
alone. ^  Governments  are  the  sole  agents  in  the  provision 
of  highways,  and  have  virtually  superseded  private  enter¬ 
prise  in  the  operation  of  public  transit  facilities.  While 

^Canadian  Good  Roads  Association,  H 1 gh way  Finance, 
1966 -  (Ottawa:  n.d.),  p.  9*  Urban  municipalities  spent 
1210  million  on  streets  and  provincial  governments  about 
$200  million  on  urban  freeways. 
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recognlzing  that  economic  efficiency  may  not  always  be 
consistent  with,  for  instance,  the  community's  aesthetic 
and  cultural  desires,  it  is  suggested,  however,  that  a 
more  rational  approach  is  needed  to  the  problem  of  recon¬ 
ciling  unlimited  wants  with  limited  resources.  Much  of 
government  activity  proceeds  according  to  what  McKean 
calls  the  "requirements  approach. A  particular  need  is 
recognized,  its  technical  feasibility  studied,  costs  es¬ 
timated,  and  if  budget  limitations  permit  it,  the  need  is 
approved.  Usually  little  attempt  is  made  to  evaluate  pro¬ 
fits,  benefits  or  some  Kind  of  payoff,  and  alternative  pro¬ 
grammes  may  not  be  considered.  In  the  urban  transportation 

field,  the  Metropolitan  Edmonton  Transportation  Study  is 
2 

an  example:  the  "ideal"  highway  system  for  Edmonton  in 

the  year  1980  is  developed  according  to  engineering  fea¬ 
sibility,  cost  estimates  are  made,  and  the  programme  is 
then  put  forward.  No  assessment  of  potential  benefits  is 
made,  and  there  is  therefore  no  way  of  knowing  whether  the 
plans  provide  for  underinvestment  or  overinvestment ,  or 
whether  more  reliance  should  be  placed  on  mass  transit 
solutions . 

As  stated,  the  provision  of  urban  transportat ion 
facilities  is  mainly  in  the  hands  of  public  enterprise;  but 

'^McKean,  op.  clt.  ,  p.  11. 

2 

Metropolitan  Edmonton  Transportation  Study  (2 
Vols.;  Edmonton:  Edmonton  Regional  Planning  Commission, 
1963).  In  future  footnotes,  the  title  is  abbreviated  to 
METS. 
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private  enterprise  plays  some  part,  mainly  In  the  pro¬ 
vision  of  vehicles  for  highway  use  (i.e.,  each  individual 
car  owner  is  in  this  sense  an  entrepreneur  selling  vehicle 
use  to  himself).  In  setting  prices  and  determining  the  kind 
and  amount  of  investment  in  basic  facilities,  however, 
government  is  virtually  in  the  position  of  a  monopolist, 
and  can  exercise  profound  influence  on  consumer  choice. 

It  is  therefore  in  a  very  critical  position,  and  needs  to 
take  care  to  approximate  free  market  conditions  and  free 
choice  as  far  as  possible,  developing  techniques  as  soph¬ 
isticated  as  possible  in  order  to  achieve  the  right  amount 
and  direction  of  investment. 

The  aim  of  this  thesis,  therefore,  is  to  develop  a 
framework  within  which  Investment  in  urban  transportation 
facilities  can  be  planned  and  evaluated.  The  general  cri¬ 
terion  is  one  of  economic  efficiency,  and  the  discussion 
of  that  is  the  scope  of  the  thesis. 

The  principles  to  be  developed  here  aim  to  consti¬ 
tute  a  framework  capable  of  analysing  any  specific  tech¬ 
nology.’^  Illustrations  and  discussion  will  centre  around 
conventional  modes  of  transportation,  but  in  recognition 
of  the  fact  that  technological  advance  may  suggest  new  al¬ 
ternatives,  the  framework  developed  will  be  sufficient  to 

'^The  word  " technology”  is  used  to  denote  any  parti¬ 
cular  type  of  complete  transportation  facility  or  system: 
e.g.,  grade- separated  rail  rapid  transit,  automobile  on 
highway,  or  possible  future  developments  such  as  electron¬ 
ically  controlled  commuter  vehicles  on  their  own  right-of- 
way. 
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cope  with  the  analysis  of  such  alternatives.  Indeed,  any 
framework  which  cannot  do  this  is  of  little  use  for  plan¬ 
ning  purposes. 

The  context  in  which  the  analysis  is  made  is  that 
of  provision  for  the  complete  movement  of  people  from  ori¬ 
gin  to  destination  of  a  trip.  The  typical  home-to-work 
trip  consists  of  three  phases:  collection  from  home  (feeder 
service),  transportation  by  line-haul,  and  distribution  to 
the  final  destination.  The  three  phases  may  be  integrated 
(e.g.,  automobile  travel  direct  from  home-to-work)  or  trans¬ 
fers  may  be  necessary  at  one  or  both  points.  In  any  event, 
it  is  clear  that  the  relevant  context  in  which  to  analyse 
both  supply  and  demand  is  one  which  defines  the  output  as 
the  whole  trip  ’’package” .  This  is  worth  emphasizing  since 
many  studies  consider  only  the  costs  and  provision  of  line- 
haul  facilities.  The  planning  of  miles  of  costly  urban 
freeways  which  will  empty  thousands  of  cars  into  the  down¬ 
town  area  is  pointless,  and  indeed  harmful,  unless  thought 
is  given  to  the  question  of  vehicle  distribution  and  stor¬ 
age. 

Chapter  II  analyses  the  costs  of  providing  conven¬ 
tional  transportation  facilities  of  different  modes  for 
varying  capacity  needs;  Chapter  III  is  concerned  with  con¬ 
sumer  choice  and  the  determination  of  demand;  however,  the 
question  of  estimating  demand  curves  is  left  to  Chapter  IV 
which  deals  with  the  "optimum  solution",  and  considers  out¬ 
put  and  price  determination,  and  investment  criteria. 
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CHAPTER  II 


THE  COSTS  OF  URBAN  TRANSPORTATION  FACILITIES 

This  chapter  will  attempt  to  set  out  the  main  ele¬ 
ments  of  the  cost  of  providing  urban  transportation  facil¬ 
ities,  and  give  some  Illustrative  data.  The  most  Important 
purpose,  however,  Is  to  discuss  some  of  the  problems  en¬ 
countered  In  computing  cost  and  making  comparisons. 

Problems  of  Computing  Costs 

The  literature  often  makes  a  distinction  between 
the  "private"  and  "social"  costs  of  transportation.  The 
"private"  costs  are  those  which  the  consumer  incurs  when  he 
uses  the  transportation  facility — l.e.,  the  fares  he  pays, 
or  the  price  of  gasoline  and  maintenance  and  depreciation 
costs  of  his  car.  They  are  the  equivalent  of  the  price 
paid  by  the  consumer.  "Social"  costs  are  those  actually 
Incurred  by  the  community  in  the  provision  of  transportat Ion, 
and  these  costs  will  be  more  or  less  offset  by  "private" 
costs  according  to  how  far  fares  or  highway  taxation  are 
equivalent  to  certain  capital,  operating  and  maintenance 
costs.  Sometimes  included  as  "social"  costs  are  certain 
costs  imposed  on  others  by  the  users  of  transportation 
facilities:  e.g.,  overcrowding  on  an  urban  road  imposes 
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"costs  of  congestion"-- the  marginal  automobile  causes  an 
Increase  in  the  time  taken  by  other  drivers  to  travel  over 
a  particular  stretch  of  road,  thereby  causing  a  rise  in 
operating  cost  and  a  loss  of  benefit  or  increase  in  cost 
where  travel  time  is  valuable.  For  the  purpose  of  project 
planning  it  is  obvious  that  the  total  of  "social"  costs  is 
what  is  relevant.  "Private"  costs  are  relevant  to  the 
analysis  of  consumer  choice  among  the  transportation  modes; 
and  this  problem  is  discussed  in  the  following  chapter. 

Thb  use  of  urban  transportation  facilities  is  sub¬ 
ject  to  marked  peaks:  the  four  "rush"  hours  in  each  twenty- 
four  hours  of  a  workday  carry  a  very  large  percentage  of 
the  total  daily  traffic,  and  facilities  have  to  be  built 
large  enough  to  accomodate  these  peak  demands.  Peak  hour 
travellers  in  requiring  high  capacity  equipment  involve, 
then,  extra  outlays  on  facilities  over  and  above  what  is 
needed  to  provide  for  average  traffic  flows  in  off-peak 
periods.  We  shall  see  moreover  that  peak-hour  users  do  not 
always  pay  the  full  incremental  costs  of  the  extra  facil¬ 
ities  they  require,  yet  in  the  interests  of  economic  effi¬ 
ciency  it  may  be  desirable  that  they  do  so.  The  reasons 
why  they  should  will  be  discussed  in  Chapter  IV:  the  pro¬ 
blem  is  here  cited  as  the  justification  for  computing  the 
costs  of  a  facility  which  are  attributable  to  peak  hour 


Operating  costs  (gasoline  consumption,  tire  wear) 
'.Increase  for  most  cars  as  speeds  fall  below  35  m.p.h. 

Infra,  p.  19. 
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travel  only .  Moreover,  a  worthwhile  project  comparison 
might  be  made  between  adding  lanes  to  an  existing  free¬ 
way,  and  a  rail  transit  system  or  an  entirely  new  freeway 
in  a  slightly  different  location. 

Probably  the  simplest  and  most  widely  used  measure 
of  transportat ion  output  is  the  flow  of  passengers  per 
hour  over  some  specified  length  or  at  some  specified 
point  (usually  the  maximum  load  point).  This  is  a  better 
measure  than  the  flow  per  day  because  of  the  great  varia¬ 
tion  between  peak  and  off-peak  periods.  Given,  then,  a 
specified  flow,  the  physical  amounts  of  any  type  of  fac¬ 
ility  required  may  be  computed:  e.g.,  given  data  on  aver¬ 
age  speed  and  headway  between  cars,  average  load  factor 
(number  of  persons  per  car),  lane  capacity  per  hour  can  be 
worked  out  and  the  required  number  of  lanes  of  roadway  of 
the  given  length  computed;  similarly  for  a  rail  transit 
system,  average  speed,  trip  length,  turn  around  time  of 
vehicles  or  trains,  average  load  factor,  and  headway  between 
trains  are  the  sort  of  data  used  in  determining  the  number 
of  tracks  and  vehicular  units  needed  to  carry  the  specified 
number  of  passengers  per  hour.  These  functions  are  pri¬ 
marily  uni-directional :  i.e.,  facilities  must  be  designed 

to  carry  the  specified  flow  in  the  major  direction  of  move¬ 
ment  (to  downtown  in  the  morning  and  from  downtown  in  the 
evening);  but  the  facilities  need  not  be  duplicated,  since, 
for  Instance,  freeway  lanes  may  be  switched  from  use  in  one 
direction  to  use  in  the  other. 
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To  compare  representative  cost  data,  it  is  easiest 
to  assume  a  particular  requirement  for  capacity:  e.g., 
that  20,000  people  per  hour  will  travel  in  one  direction 
in  the  maximum  hour  along  the  particular  "corridor"  of 
travel.  A  two- track  rail  transit  facility  using  one  track 
for  each  direction  can  accomodate  this  number. ^  Well-de¬ 
signed  grade- separated  freeways  seem  to  be  capable  of  ac¬ 
comodating  about  2,000  cars  per  hour  in  one  lane.* 2  At  an 
average  of  1.33  persons  per  car,  the  capacity  of  one  lane 
would  be  about  2,667  passengers  per  hour.  Thus  to  carry 
20,000  people  per  hour,  about  eight  freeway  lanes  in  one 
direction  are  required.  If  some  lanes  are  reversible,  a 


^-Canadian  Bechtel  Ltd.,  Sapid  Transit  for  the  City 
of  Edmonton  (Toronto:  1963).  The  plan  envisages  .17,000 
people  in  one  direction  at  the  maximum  load  point  downtown, 
with  a  headway  of  about  1|  min.  between  trains  at  this 
point.  Tillo  Kuhn,  Public  Enterprise  Economics  and  Trans¬ 
port  Problems  (Berkeley:  University  of  California  Press, 
1962 ) ,  p .  43 ,  calculates  in  the  light  of  Washington  and 
Toronto  experience  that  one  track  can  take  up  to  40,000 
passengers  per  hour;  but  this  number  probably  involves 
crowding.  METS,  op.  clt.,  I,  5°j  considers  32,000  per 
hour  feasible.  Given  a  high  standard  of  passenger  comfort, 
20,000  passengers  per  hour  would  seem  to  Involve  capacity 
operation. 

2 

This  estimate  comes  from  Kuhn,  op.  cit.,  p.  43. 
METS,  op.  clt.,  I,  50,  suggests  that  2,000  to  2,700  are  pos¬ 
sible,  but  no  plan  envisages  1,500  per  hour.  George  K. 

Webb  and  Karl  Moskowitz,  "California  Freeway  Capacity  Study, 
1956",  Highway  Research  Board  Proceedings,  XXXVI  (1957)» 
587-64.1,  define  capacity,  or  "practical  capacity"  broadly 
as  the  number  of  vehicles  which  can  pass  a  given  point  with¬ 
out  the  traffic  density  being  such  as  to  cause  unreasonable 
delay  or  restriction  on  manoeuvering  by  the  Individual  dri¬ 
ver.  The  speed  below  which  delay  may  be  said  to  occur  is 
35  m.p.h.  Gn  this  basis,  their  estimates  of  lane  capacity 
are  as  follows: 

No.  of  lanes  in  one  direction  23^ 

Lane  capacity  (VPH  per  lane)  l600  1665  1675 
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total  of  twelve  instead  of  sixteen  lanes  is  required.  A 
typical  six-lane  freeway  would  accomodate  8,000  passengers 
per  hour  one-way  without  reversal  of  any  lane  (i.e.,  three 
lanes  in  one  direction).  A  two-track  rail  transit  facility 
would  be  obviously  underutilized  at  this  size  of  passenger 
flow.  Freeway  lane  capacities  may  also  be  increased  by  per¬ 
mitting  a  reduction  in  average  speed,  provided  the  density  of 
traffic  does  not  increase  to  the  point  where  a  fall  in  the 
flow  of  vehicles  per  hour  actually  occurs.  Capacity  will  al¬ 
so  be  increased  with  a  higher  average  automobile  load  factor. 

I 

Individual  Cost  Items  and  Illustrative  Data 

It  is  worthwhile  to  turn  to  a  consideration  of  each 
cost  component  in  turn,  and  to  suggest  some  general  compari¬ 
sons  with  the  aid  of  representative  data.  For  the  purpose  of 
comparing  projects,  the  total  present  value  of  all  costs  over 
the  life  of  the  project  is  required,  and  if  one  project  has  a 
shorter  life  than  an  alternative  for  which  it  would  be  a  sub¬ 
stitute,  then  a  replacement  project  which  will  carry  on  after 
the  first  has  expired  would  need  to  have  costs  computed  for 
it,  so  as  to  enable  a  comparison  to  be  made  between  projects 
which  will  cater  for  the  given  traffic  requirement  for  approx¬ 
imately  the  same  period  of  years. ^  To  arrive  at  the  total 


'Kuhn,  op .  cit . ,  p.  114.  He  states:  "Given  fore¬ 
casts  of  gains  over  a  maximum  of,  say,  13  years,  and  alter¬ 
native  project  proposals  of  seven  and  eleven  shears,  with  no 
physical  or  legal  renewal  barriers,  then  13  years  should  be 
the  correct  planning  period.  Cost  calculations  have  to  be 
made  to  fill  in  the  stub  ends." 
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present  value  of  all  costs,  those  costs  which  are  incurred 
in  future  years  (i.e.,  beyond  the  starting  year,  or  the  year 
for  which  present  value  is  computed)  must  be  discounted. 

The  choice  of  the  relevant  interest  rate  is  a  problem  to 
be  discussed  later,  since  it  also  concerns  the  discounting 
of  benefits.'^  For  simple  comparative  and  illustrative 
purposes,  however,  cost  estimates  which  follow  are  not  dis¬ 
counted.  Moreover  they  are  only  necessarily  expressed  in 
the  same  units  where  they  refer  to  one  item  (e.g.,  con¬ 
struction  costs)  for  which  comparisons  are  made  between 
different  types  of  facilities.  Thus  total  construction 
costs  are  simply  measured  in  dollars  for  the  given  capacity 
and  length  of  the  facility,  while  vehicle  operating  costs 
are  in  cents  per  vehicle-mile.  In  any  specific  study,  of 

course,  full  discounting  procedures  would  be  adopted. 

/ 

(i)  Right-Of-Way 

Costs  of  acquiring  the  right-of-way  for  urban 
transportation  facilities  cannot  be  typified,  since  these 
costs  vary  substantially  among  urban  areas  and  even  within 

p 

one  area,  depending  on  local  conditions.  Meyer  et  al . 
while  recognizing  however,  the  hazards  of  generalizing,  de- 

^ Infra,  pp.  72 -?4. 

2j.  R.  Meyer,  J.  F.  Kain  and  K.  Wohl,  The  Urban 
Transportation  Problem  (Cambridge:  Harvard  University 
Press,  1965),  p.  200."  Wet  residential  density  is  defined 
by  Joseph  in  thousands  of  persons  per  square  mile  of  re¬ 
sidential  land:  see  Hyman  Joseph,  "Construction  Costs  of 
Urban  Expressways",  CATS  Research  News,  IV  No.  1  (December 

19,  I960). 
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scribe  a  function  where  right-of-way  cost  per  unit  area 
depends  mainly  on  "net  residential  density."  The  phy¬ 
sical  land  requirements,  however,  for  various  kinds  of 
facility  are  as  follows: 


TABLE  1 

RIGHT  OF  WAY  REQUIREMENTS  FOR  VARIOUS 
Type  of  facility  Required 

2-track  rail  transit  . 

4- track  rail  transit  . 

2 -lane  highway  . 

4-lane  highway  . 

6-lane  highway  . 

8-lane  highway  .  ...... 

aMeyer  et  a.l . ,  on.  cit.,  p.  200. 


FACILITIES9, 
width  (feet) 
116 
131 
260 
280 
290 
300 


Rail  transit  facilities  will  be  less  expensive  than  high¬ 
ways,  especially  if  traffic  is  of  high  density.  Moreover 
with  costs  per  unit  area  of  rightof  way  increasing  with 
residential  density,  highways  suffer  an  increasing  dis¬ 
advantage.  The  cost  data  for  Edmonton  support  this  view, 
in  spite  of  wide  variations  among  individual  projects:  the 
most  expensive  per  mile  estimate  is  $0.55  million  for  the 
Jasper  Place  branch  of  the  proposed  rapid  transit  system, 
while  the  next  most  expensive  per  mile  estimate  is  $0.4 
million  for  the  North-West  line.  These  figures  include  the 
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cost  of  several  lots  for  which  the  entire  area  must  be 

required:  however,  parts  of  them  could  have  resale 
.1 

value.  The  approximate  average  per  mile  right  of  way- 
estimate  for  proposed  Edmonton  freeways  ranges  from  about 
$0.56  million  to  $1.50  million.  These  estimates  are  for 
sufficient  right  of  way  to  accomodate  six  lanes,  although 
in  most  cases  only  four  are  proposed  initially.  Right- 
of-way  acquisition  is  not  affected  by  project  life:  it 
lasts  for  an  infinity  of  time.  In  comparing,  then,  a  two- 
track  rail  transit  line  with  a  six-lane  highway,  it  is  clear 
that  the  former  requires  much  less  than  half  the  amount  of 
land  needed  by  the  latter.  In  connection,  however,  with 
the  incremental  costs  of  additional  freeway  lanes,  it  is 
important  to  notice  from  Table  1  that  right-of-way  require¬ 
ments  increase  less  than  in  proportion  to  the  number  of 
lanes.  This  fact  emerges  mainly  because  outside  clearances 
need  not  be  duplicated  or  enlarged  as  more  lanes  are  added. 

(11)  Costs  of  Construction  (excluding  right-of-way  acquisi- 
and  clearance) 

(a)  Average  Freeway  Costs 

'^Canadian  Bechtel  Ltd.,  Construction  Cost  Estimate 
for  the  City  of  Edmonton  Rapid  Transit  Study  (Toronto: 

June,  I963),  p.  8. 

^METS,  op .  cl t . ,  Vol.  II,  Table  2,  Appendix.  Note 
that  this  excludes  the  proposed  Hill  Creek  Freeway  for  which 
right  of  way  is  to  be  acquired  for  only  four  lanes,  and  for 
which  special  circumstances  allow  a  very  low  figure  of  $0.18 
m.  per  mile.  (This  figure  is  still  above  the  estimate  for 
the  North-West  Transit  line.) 
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It  is  a  little  easier  to  generalize  about  construc¬ 
tion  costs,  since  these  are  less  subject  to  local  variation, 
except  where  special  structures  such  as  river  bridges  are 
necessary.  Data  provided  by  Meyer  et  al.  show,  however, 
that  the  range  of  possible  cost  per  mile  is  very  wide.  For 
various  urban  highways  in  the  U.  S.,  construction  cost  data 
are  as  follows: 


TABLE  2 

CONSTRUCTION  COSTS  OF  URBAN  EXPRESSWAYS9- 


No.  of  lanes 

Range  of  Average  Construction  cost  per  mile 

( $  million) 

Low 

High 

4 

0.8 

3.^ 

6 

1.8 

9.4 

8 

3.1 

11.7 

&Meyer  et  al . ,  op.  cl t . ,  Table  62,  p.  205?  with 
data  obtained  from  the  Bureau  of  Public  Roads,  Washington, 

D.C. 


Joseph,  using  Chicago  data,  found  a  linear  rela¬ 
tionship  between  construction  costs  and  net  residential 
density,  given  the  number  of  lanes  to  be  built.  Variance 
of  -costs  with  net  residential  density  reflects,  for  in¬ 
stance,  differences  in  ramp  and  interchange  spacing  and 
design,  which  can  affect  costs  substantially .  Qualitative 


Joseph,  op.  cit. 


. 
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differences  may  also  be  reflected,  as  well  as  the  effects 
of  topographical  features  requiring  more  or  less  construc¬ 
tion  of  embankments  or  depressed  sections.  The  proposed 
freeway  system  for  Edmonton  shows  little  variation  among 
individual  cases  except  for  much  higher  costs  for  the  down¬ 
town  loop,  and  special  outlays  on  a  new  river  bridge  and 
large  interchanges  near  the  downtown  area.'^  The  average 
cost  of  construction  leaving  aside  bridges  and  major  in¬ 
tersections  is  about  $1  million  per  mile,  as  estimated  for 
METS  in  1963*  This  excludes  engineering  and  contingencies 
and  utility  relocation,  and  is  for  construction  of  four-lane 

freeways.  The  estimates  are  thought  to  be  too  low  even  at 

2 

I963  prices,  however.  The  Chicago  study  gives  a  wide  range 

of  estimate  of  $2  million  per  mile  in  rural  areas  to  $12 

3 

million  or  $15  million  per  mile  in  urban  areas.  Probably, 
then,  the  "high”  average  figures  provided  by  Meyer  are  the 
more  relevant. 

(b)  Marginal  Freeway  Costs 

It  is  not  easy  to  determine  how  the  cost  of  construc¬ 
tion  per  lane-mile  behaves  as  the  number  of  lanes  is  in¬ 
creased:  i.e.,  what  are  the  marginal  costs  of  additional 

HlETS,  loc.  cit. 

p 

This  opinion  from  a  conversation  with  Professor 
Bakker  of  the  Department  of  Civil  Engineering,  University 
of  Alberta. 

^Chicago  Area  Tran sp or ta t i on  Study:  Final  Reoort 
(Chicago:  Vol.  I,  1959,  Vo.l .  II,  I960  and  Vol.  Ill,  1962  ), 
III,  13.  Hereafter  the  title  is  abbreviated  to  CATS. 
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lanes?  Data  from  Meyer  et  al .  suggest  that  construction 

costs  per  lane-mile  tend  to  decrease  as  the  number  of  lanes 

is  increased:^"  thus,  comparing  the  costs  of  four,  six,  and 

2 

eight-lane  highways  where  net  residential  density  is  ap¬ 
proximately  the  same  in  each  case,  we  find,  for  instance, 
that  at  a  net  residential  density  of  about  35>000  per  square 
mile,  the  cost  per  mile  of  a  six-lane  highway  is  $3  million 
which  is  less  than  one  and  one  half  times  the  $2.4  million 
cost  for  a  four-lane  road.  Other  examples  seem  to  lead  to 
similar  results. 

( c )  Average  Rail  Transit  Construction  Costs 
Cost  of  constructing  rail  transit  facilities  vary 
considerably  with  the  type  of  facility  constructed,  and  are 
as  follows. 


TABLE  3 

CONSTRUCTION  COSTS  OF  RAIL  TRANSIT  FACILITIES8" 

Type  of  Facility  Average  Cost  per  route  mile 

($  million) 


Cut  and  cover  subway . 14.0 

Tunnel  . .  15  •  3 

Elevated  . 3*2 

Open  cut  or  fill  .  2.6 


aD.  S.  Berry  et  al..  The  Technology  of  Urban  Trans¬ 
portation  (Evanston:  Northwestern  University  Press,  1963 )> 
Table  l6,  p.  37. 


-^-Meyer  et  al . ,  loc.  clt.,  Table  62,  p.  205. 

o 

This  is  "implied"  net  residential  density,  computed 
from  the  given  costs  according  to  a  function  developed  by 
Meyer. 
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These  figures  relate  to  two- track  facilities,  and  include 
costs  of  track  and  structures,  utility  relocation,  power 
supply,  distribution  and  transmission,  and  signalling. 
Right-of-way,  and  contingency  and  engineering  costs  are 
excluded.  Meyer  et  al .  would  put  the  latter  at  about  2$% 
of  basic  construction  costs.'1  The  estimates  for  the  pro¬ 
posed  Edmonton  rapid  transit  system  shows  a  range  in  con¬ 
struction  costs  of  about  $2.4  million  to  -^>4.9  million  per 
2 

mile.  This  would  be  primarily  an  open  cut  system  with  a 
small  amount  of  tunnelling  in  the  downtown  area,  and  the 
estimate  excludes  engineering  and  contingencies,  and  right 
of  way. 

(iii)  Average  Costs  of  Terminals  and  Vehicle  Storage 

The  costs  of  providing  terminals  or  vehicle  storage 
vary  considerably  between  suburban. and  urban  locations,  pri¬ 
marily  because  of  variations  in  the  cost  of  land  acquisition. 
A  priori  it  would,  then,  seem  cheaper  to  store  vehicles 
outside  of  the  downtown  area.  This  is  possible  with  rail 
transit  operation- where  vehicles  can  either  pass  straight 
through  the  Central  Business  District  or  use  it  only  as  a 
turnaround  point,  with  lengthy  periods  of  storage  being 

1 

Meyer  et  al.,  op.  cit..  Table  6 3,  p.  209. 

2 

Canadian  Bechtel  Ltd.,  Construction  Cost  Estimate 
for  the  City  of  Edmonton  Raold  Transit  Study  (Toronto : 

1963) ,  p.  11.  ‘ 
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undertaken  on  the  fringe.  Automobiles,  on  the  other  hand, 
cannot  be  sent  to  the  fringe  while  their  operators  are  em¬ 
ployed  downtown,  and  they  must,  therefore,  be  stored  there 
for  a  large  part  of  the  day.  Even  quite  apart  from  this, 
Kuhn  estimates  that  rail  transit  storage  requires  about  .10 
square  feet  per  passenger  space,  whereas  automobiles  re¬ 
quire  anything  up  to  150  square  feet  per  passenger  space. ^ 
Moreover,  automobile  passenger  space  is  mostly  needed  only 
once  in  each  direction,  whereas  transit  passenger  space  is 
used  repeatedly  as  the  vehicles  traverse  the  route  back  and 
forth. 

( iv )  Operating  and  Maintenance  Costs,  and  Depreciation  of 

Vehicles 

For  automobiles,  these  costs  can  be  estimated  rea¬ 
sonably  accurately;  specifically,  they  vary  with  the  size 
of  car  used.  Two  estimates  are  compared  in  Table  4.  The 
two  estimates  are  similar  in  their  totals;  yet  the  indivi¬ 
dual  items  vary  considerably :  Owen’s  estimates  are  for  a 
new  (1965)  8-cylinder  car  travelling  10,000  miles  per  year, 
which  accounts  for  relatively  low  maintenance  costs  and 
higher  depreciation.  Meyer  et  al.  assume  a  compact  vehicle 
owned  primarily  for  commuting,  whose  age  and  yearly  mile¬ 
age,  and  therefore  ownership  costs,  are  determined  primarily 
by  how  far  the  owner  intends  to  drive  it  in  the  year. 

These  estimates  presumably  depend  on  some  average 

'^Kuhn,  00.  clt.,  p.  43,  footnote  9. 
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speed  of  travel,  since  car  operating  costs  including  re¬ 
pairs  and  maintenance  vary  with  speed,  because  of  varying 
gasoline  consumption,  tire  wear,  etc.'*'  Thus  the  very  low 
average  speed  of  5  m.p.h.  which  includes  a  lot  of  stopping 
and  starting,  involves  costs  of  about  5  cents  per  vehicle 
mile.  The  minimum  is  about  2.3  cents  per  mile  at  35  m.p.h. 
after  which  costs  rise  again  to  about  3*3  cents  per  mile  at 
60  m.p.h. 

TABLE  4 


AUTOMOBILE  OPERATING,  MAINTENANCE  AND  DEPRECIATION  COSTS 


Items 

Cost  in  cents  per  vehicle-mile 

Meyer 

Owen 

Repairs  and  maintenance 

1.70 

.68 

Gasoline  and  oil  (Exclu- 

b 

ding  taxes) 

1.10 

1.84 

Tires 

.15 

.44 

Insurance 

3.60 

1.57 

Depreciation 

4.00 

6.26 

Total 

10.55 

10.79 

a  - 

Meyer  et  al . ,  op.  cit.,  p.  218;  Wilfred  Owen,  The 

Metropolitan  Transportation  Problem  (Rev.  ed . ;  Washington: 

The  Brookings  Institution,  1966 ) ,  p.  125. 


Id 

Adjusted  from  Owen’s  figure  to  remove  taxes. 
Operating,  maintenance  and  depreciation  costs  of 


lCATS,  op.  cit..  Ill,  fig.  3,  12. 
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rail  transit  equipment  vary  according  to  the  life-span  of 
the  equipment,  of  course,  but  also  according  to  the  oper¬ 
ating  characteristics  of  acceleration  rates,  speeds,  sche¬ 
duling  and  headways,  train  length,  etc*;  and  data  are  not 
readily  available.  The  only  estimate  the  author  has  found 
is  for  the  New  York  City  rail  rapid  transit  system,  for 

which  the  total  of  certain  operating  costs  is  72  cents  per 

1  2 
vehicle  mile.  At  .100  passengers  per  vehicle,  this  figure 

becomes  0.72  cents  per  passenger  mile.  The  figure  includes 

"costs  for  labour,  power  and  fuel ,. maintenance  of  equipment 

3 

and  permanent  way,  and  general  operation  of  the  system." 
Taking  the  Owen/Meyer  estimate  for  the  items  of  repairs, 
maintenance,  gasoline,  oil  and  tires,  the  automobile  per 
mile  figure  is  2.95  cents,  which  becomes  (at  a  load  factor 
of  1.33)  about  2.2  cents  per  passenger  mile.  This  does 
not  include  highway  maintenance  costs  or  "wages"  to  car 
drivers.  It  is  clear  that  for  New  York  and  presumably, 
therefore,  other  high  density  areas,  operating  costs  ex¬ 
cluding  insurance  and  depreciation  of  rail  transit  are 
relatively  cheap,  if  transit  load  factors  are  fairly  high. 

But  transit  operating  costs  vary  more  closely  as 
the  number  of  vehicle-miles  varies  than  do  rail  operating 

‘^D.  S.  Berry  et  al . ,  The  Technology  of  Urban  Trans- 
portation  (Evanston:  Northwestern  University  Press,  1963 )» 
Table  23,  p.  79.  (196.1  estimate) 

2Ibid.,  p.  45.  The  estimate  is  that  one  car  holds 
90  to  .120  passengers. 

^See  footnote  2,  1 o c .  c 1 1 . 
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cos  t  s  j  and.  per-mile  estimates  ars  mope  es.sL.Ly  made.  Moyer 
€st_al.  put  these  at  about  20  cents  per  bus  mL.Le : included 
are  maLntenance ,  repairs,  fuel  and  oL.l,  Lnsurance,  admini- 
stratLon,  and  conductLng  costs  other  than  operating  labour. 
GLven  an  average  load  factor  of  20  persons  per  bus,  the 
figure  becomes  1.5  cents  per  passenger  mile.  Taking  Owen’s 
estimate  of  4 .53  cents  per  automobile  mile  for  these  items,2 
and  a  load  factor  of  I.33  persons  per  car,  the  figure  for 
automobile  travel  is  approximately  4  cents,  which  is  clearly 
much  higher  than  the  estimate  of  1.5  cents  for  bus  travel. 

There  is  a  growing  interest  in  the  possibility  of 

express  bus  operation  on  freeways,  either  with  special  lanes 

reserved  for  buses  or  with  priority  being  given  to  buses  on 

mixed— traf fic  lanes. ^  Clearly,  the  capacity  of  one  freeway 

lane  in  terms  of  passengers  per  hour  is  much  higher  under 

conditions  of  bus  operation:  comparative  estimates  of  the 

costs  of  this  kind  of  operation  with  automobile  and  rail 

4 

transit  facilities  are  given  below. 

Operating  costs  of  automobiles  do  not  include 
"wages'1  to  vehicle  drivers,  while  these  will  normally  be 
included  in  transit  cost  estimates.  It  seems  reasonable  to 
suppose  that  a  strict  comparison  of  social  costs  should  re- 

^Meyer  et_al . ,  op.  olt.,  pp.  216-1?. 

2 

This  is  Owen’s  estimate,  excluding  the  item  "depre¬ 
ciation",  and  is  the  lower  of  the  two  estimates.  Supra,  p.  19. 

•  ^See,  for  instance,  U.S.  National  Capital  Planning 
Commission,  Transportat ion  Plan — Mass  Transportation  Survey 
Report ,  ( Wa shington:  1959),  p.  44. 

4 

Infra,  figs.  .1  and  2,  pp.  :2?~28. 
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quire  some  kind  of  "wage"  to  be  imputed  for  the  car  driver, 

1 

since  it  is  unlikely  that  people  enjoy  urban  driving.  In 
view  of  the  difficulty  of  generalizing  and  making  interper¬ 
sonal  comparisons,  however,  the  evaluation  of  these  "wages" 
would  be  very  difficult,  and  would  have  in  any  case  to  be 
based  on  the  opinions  of  a  sample  of  urban  drivers,  to  de¬ 
termine  the  proportion  who  found  driving  a  relative  discom¬ 
fort  or  a  relative  pleasure. 

There  are  few  estimates  of  maintenance  costs  of 

permanent  way  equipment  such  as  highways,  or  rail  transit 

2 

tracks,  and  associated  structures.  It  would,  of  course, 
be  essential  to  include  these  in  any  particular  study.  One 
interesting  point,  perhaps,  is  that  they  may  be  in  part  an 
alternative  to  construction  costs:  thus  a  cheaper  highway 
may  be  capable  of  the  same  standard  of  performance  as  a 
more  expensive  one  if  relatively  larger  amounts  are  spent 
on  maintenance. 

Accident  costs  may  be  computed  according  to  ex¬ 
penditure  on  insurance:  this  at  least  provides  a  simple 
monetary  evaluation.-^  Some  opinion  has  it  that  human  acci¬ 
dent  costs  cannot  be  evaluated,^  while  the  Chicago  study 

‘^This  view  is  shared  by  Kuhn,  op.  cit.,  p.  45,  who 
makes  clear  the  difficulties. 

2The  Chicago  Area  Transportation  Study,  for  instance, 
does  not  seem  to  consider  these  costs  at  all  in  the  evalua¬ 
tion  of  alternative  plans  (See  CATS,  op.  cit. ,  III,  23-27). 
Meyer  et  al .  put  in  an  estimate  to  complete  their  cost  func¬ 
tions,  but  do  not  say  upon  what  it  is  based. 

^Meyer  et  al.,  op.  cit.  This  is  the  basis  for  auto 
accident  costs,  but  a  figure  for  transit  is  not  included. 

4 

Kuhn ,  op.  cit . ,  p .  46 . 
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makes  dollar  estimates.  It  Is,  at  least,  clear  that  rail 
transit  facilities  involve  extremely  small  accident  costs 
compared  to  highway  facilities;  and  within  the  latter,  bus 
transit  is  less  prone  to  accidents  than  the  automobile. 

One  aspect  of  costs  which  is  entirely  neglected  is 
the  question  of  the  possible  expense  involved  in  removing 
transportation  structures  at  the  end  of  their  useful  life. 
The  "social"  costs  of  disused,  unsightly  overpasses,  high¬ 
ways  or  railways  may  be  considered  to  be  high  enough  to 
include  the  estimated  cost  of  clearance.  This  would  have 
to  be  offset  by  any  revenues  from  scrap.  But  no  firm  solu¬ 
tion  can  be  arrived  at,  since  the  whole  question  is  a  matter 
of  value  judgement,  which  depends  on  the  very  varying  opin¬ 
ions  of  individuals;  and  the  community,  whose  overall  aes¬ 
thetic  sense  may  change  over  periods  of  time,  will  place 
different  values  on  this  item  accordingly.  One  argument 
which  may  be  advanced  against  the  inclusion  of  such  a  cost 
item  is  that  land  purchases  are  usually  made  "as  is";  thus 
freeway  construction  requires  the  demolition  of  buildings, 
for  instance,  on  the  required  right  of  way;  and  by  analogy 
the  cost  of  removing  old  transportat ion  structures  would  be 
borne  by  whatever  new  uses  the  right-of-way  was  put  to. 

(v)  Feeder  and  Distribution  Costs 

The  foregoing  brief  sketch  of  line-haul  operations 
has  described  the  main  components  of  cost,  and  made  broad 

'^CATS,  op.  clt.,  Ill,  39  and  59. 
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comparisons.  The  discussion  of  costs  must  now  be  completed 
with  the  consideration  of  feeder  and  distribution  services. 

The  main  types  of  residential  feeder  service  are  as 
follows:  automobile  integegrated  with  the  line-haul  (i.e., 
the  same  car  assumes  both  functions);  park-and-ride  or  kiss- 
and-ride  automobile  feeding  to  a  transit  facility;  but  ser¬ 
vice  integrated  with  line-haul;  but  service  feeding  to  a 
separate  rail  or  bus  line-haul;  and  walking  to  the  line-haul 
station.  The  acquisition  of  right  of  way  and  the  costs  of 
permanent  structures  such  as  roadways  are  not  allocable 
completely  to  feeder  services,  since  local  streets  exist 
for  other  purposes.  One  way  out  is  to  assume  with  Meyer  et 
al.  that  the  easiest  way  to  count  costs  attributable  to 
feeder  services  is  to  include  gasoline  taxes  in  the  overall 
cost  function,  since  they  are  a  per  vehicle-mile  tax,  and 

therefore  reflect  to  some  extent  the  use  of  local  streets 

1 

for  feeder  services.  In  the  case  of  automobile  feeder 
operations,  depreciation  or  "ownership"  costs  need  to  be 
included  with  the  additional  maintenance  and  operating 
costs:  given  the  assumption  already  made  for  the  line-haul 

analysis  that  an  automobile  is  selected  on  the  basis  of 
the  amount  of  use  expected  from  it,  depreciation  costs  per 
vehicle  mile  need  to  be  included.  In  the  case  where  the 
automobile  is  used  only  for  feeder  operations,  Meyer  et  al. 
estimate  "ownership"  costs  at  6  cents  per  vehicle  mile 

1 

Meyer  et  al . , 


op.  clt.,  p.  253* 
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rather  than  the  4  cents  used  for  the  line-haul  analysis, 
because  of  diseconomies  of  small-scale  use.'*’  Park-and- 
rlde  operations  require  the  cost  of  parking  at  the  line- 
haul  station;  and  perhaps  kiss-and-ride  service  requires 
the  imputation  of  "wages"  to  the  wife  who  drives  her  hus¬ 
band  to  the  transit  station.  For  feeder  bus  operations, 
whether  integrated  with  the  line-haul  or  not,  the  number  or 
additional  number  of  vehicles  required  to  fulfil  the  re¬ 
quired  capacity  will  be  costed. 

Downtown  distribution  will  generally  be  performed 
by  one  of  the  following:  automobile  service  integrated 
with  the  line-haul,  bus  service  (either  integrated  or  not), 
rail  or  bus  transit  subway  (either  integrated  or  not),  taxi 
service,  or  walking.  Again,  given  the  requirements  for 
capacity  for  each  mode  and  the  operating  conditions  thereof, 
costs  will  be  computed  for  the  additional  vehicles  and 
drivers,  and  construction  costs  (e.g.,  of  subways)  or  nec¬ 
essary  improvements  to  local  streets.  The  main  point  to 
note  is  that  where  certain  costs  have  been  included  in  the 
.line-haul  analysis,  e.g.,  vehicle  storage,  these  will  not 
be  duplicated. 

Meyer,  et  al .  summarize  costs  per  passenger  trip 
for  the  overall  home  to  downtown  trip,  during  a  peak  hour, 
including  feeder,  line-haul  and  distribution  services  by 
various  modes,  for  given  capacity  requirements  and  for  var- 

•lIbid. 
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.1 

lous  residential  densities  and  line-haul  lengths.  It 
would  have  been  an  extremely  lengthy  business  to  show  re¬ 
sults  for  all  possible  combinations  of  feeder  service  with 
line-haul  and  distribution  services.  Thus  only  selected 
combinations  are  compared,  and  two  are  repeated  here. 

There  are  some  general  conclusions  evident  from 
figures  1  and  2.  Automobile  transportation  is  competitive 
with  other  forms  when  hourly  maximum  flow  in  this  " cor¬ 
ridor"  is  between  $,000  and  10,000  people  per  hour,  and  has 
a  definite  advantage  at  a  flow  of  under  Beyond 

.10,000  people  per  hour,  the  automobile  is  less  costly  only 
than  the  rail  rapid  transit  service  with  park-and-ride 
and  downtown  subway  operation,  at  a  medium,  residential  den¬ 
sity;  at  high  residential  densities,  automobile  is  the  most 
expensive  mode  at  a  flow  greater  than  10,0)00  per  hour.  Gen¬ 
erally  speaking,  fully  integrated  bus  rapid  transit  service 
using  downtown  streets  is  the  cheapest  beyond  a  flow  of 
10,000;  and  Meyer  et  al .  note  that  the  evidence  suggests 
that  if  buses  used  mixed- traf f ic  expressways  (instead  of 

their  own  exclusive  right-of-way ,  as  in  tMs  analysis) 

2 

costs  would  be  even  less. 

High  residential  density  areas  are  found,  for  in¬ 
stance,  in  the  larger  and  older  Eastern  and  Kid-West  cities, 
particularly  New  York  and  Chicago;  rush-hour  volumes  of  over 

•lIbld. 

2 

Ibid.,  p.  3 05. 
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One-way  hourly  passenger  volume  per 
corridor  at  maximum  load-point 
( thousands ) 

Fig.  1  —  Over-all  home- domtown  passenger- trip  costs 
for  medium  residential  density  along  corridor:  trip  ori¬ 
gins  at  home  end  of  10  per  block;  10-mile  line-haul* and  2- 
mile  domtown  distribution.3 


Meyer  et  at . ,  op.  cit.,  Table  52, 
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One-way  hourly  passenger  volume  per 
corridor  at  maximum  load-point 
( thousand  s ) 


Fig.  2 — Over-all  home-downtown  passenger-trip  costs 
for  high  residential  density  along  corridor:  trip  origins 
at  home  end  of  10  per  block;  10-mile  line-haul  and  2-mile 
downtown  distribution.3' 

aMeyer  et  al.,  on.  cit.,  Table  p.  302. 
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20,000  passengers  per  hour  in  one  corridor  of  travel  are 

not  uncommon.  The  newer  cities,  while  expanding  rapidly 

in  some  cases,  tend  to  have  a  lower  residential  density  and 

smaller  volumes  of  traffic  in  each  corridor.  The  City  of 

Edmonton,  for  instance,  envisages  .126,000  work;  trips  to 

the  Central  Business  District  in  1980.'^  If,  say,  90,000 

of  these  travel  in  the  two  morning  rush-hours,  then  the 

average  number  travelling  in  one  hour  on  each  of  the  five 

main  corridors  is  only  9»000  people.  Thus,  even  in  1930, 

Edmonton’s  cheapest  solution  looks  like  an  auto-dominant  sys 

tern  with  some  improvement  in  express-bus  operation:  any 

form  of  rail  rapid  transit  service  does  not  seem  justifiable 

Meyer  et  a l .  conclude  that  for  most  North  American  cities 

which  have  medium  residential  density,  "a  highway-oriented 

solution  usually  will  be  cheaper,  with  integrated  express 

2 

buses  playing  an  important  role.” 

It  is  also  worth  noting  a  few  specific  points  sug¬ 
gested  by  the  above  diagrams.  Automobile  transportation 
seems  to  be  characterized  by  virtually  constant  per  unit 
costs  at  all  passenger  volumes.  In  the  discussion  of  line- 
hau.l  costs,  however,  it  was  suggested  that  per  unit  con¬ 
struction  costs  decrease  as  extra  capacity  in  the  form  of 
additional  freeway  lanes  is  created;  but  for  the  complete 
trip  analysis,  this  fact  is  probably  offset  by  increasing 

'^METS,  op.  cit.,  I,  Table  II,  46. 

2 

Meyer  et  al . ,  op.  cit.,  p.  3 35* 
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distribution  costs.  One  suspects  that  the  acquisition 
of  central  area  right-of-way  for  streets  and  parking  be¬ 
comes  more  difficult  as  traffic  increases. 

There  is  a  notable  gap  in  costs  between  rail  tran¬ 
sit  services  requiring  fringe  parking  for  feeder  automo¬ 
biles,  and  rail  or  bus  transit  with  non-auto  feeding.  Park¬ 
ing  or  storage  costs  may  account  for  much  of  the  discrep¬ 
ancy,  but  it  is  also  clear  that  the  costs  of  moving  one 
person  are  much  higher  by  automobile  than  by  public  tran¬ 
sit,  especially  if  transit  vehicles  are  nearly  fully  loaded. 

Rail  transit,  characterized  by  very  high  capacity, 
is  clearly  at  its  best  when  moving  large  volumes  of  people. 
The  cost  differential  between  operating  in  downtown  sub¬ 
ways  as  compared  with  bus  operation  on  streets  seems  to 
become  much  less  the  higher  the  passenger  flow:  on  the 
other  hand  it  is  interesting  to  note  that  rail  transit  with 
bus  feeder  and  using  subways  downtown  is  competitive  with 
integrated  bus  transit  even  at  low  levels  of  passenger  flow, 
given  a  high  residential  density,  as  already  suggested, 
means  higher  costs  of  land  acquisition  and  possibly  even  of 
construction;  this  fact  also  probably  accounts  for  the 
generally  higher  position  of  all  curves  on  the  diagram  re¬ 
lating  to  high  residential  density. 

These  cost  comparisons  must  however,  be  considered 
in  the  light  of  a  particularly  important  assumption  under 
which  they  were  drawn  up.  Meyer  et  al .  derive  costs  for 


the  provisions  of  peak-hour  services  only,  assuming  four 
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1 

peak  hours  per  workday.  Thus  "it  should  be  remembered... 

that  the  highway  costs  were  constructed  de  novo  and  assumed 

only  four  hours  of  travel  per  workday,  or  twenty  hours  per 

week,  of  peak  utilization;  .  .  .  but  expressways  usually 

experience  over  two-thirds  of  their  total  use  during  off- 

2 

peak  periods  and  on  week-ends."  As  will  be  pointed  out 
in  the  following  chapter,  off-peak  use  of  the  different 
modes  varies  considerably ,  automobile  generally  being  used 
much  more  than  transit,  primarily  since  the  comfort  and 
convenience  of  automobile  travel  is  more  important  to  off- 
peak  than  to  regular  peak  travellers.  If,  then,  the  capital 
costs  of  highways  and  transit  trackage  and  structures  are 
spread  over  twenty-four  hours,  the  cost  per  passenger- 
trip  by  automobile  would  fall  relatively  much  more  than 
that  of  any  of  the  transit  modes.  It  is  clear  that  a  very 
large  proportion  of  the  costs  of  providing  transit  ser¬ 
vices  are  occasioned  by  the  provision  of  capacity  to  meet 
peak-hour  travel  needs,  while  this  is  less  true  of  automo¬ 
bile  travel.  In  the  latter  case,  the  flow  of  peak  and  off- 
peak  vehicles  will  be  the  data  needed  to  determine  what 
part  of  the  fixed  assets  of  the  highway  (e.g,,  the  number 
of  extra  lanes)  is  necessitated  by  the  requirements  of  peak 
travel.  For  transit  modes,  similar  data  are  needed  to 
determine  both  the  proportion  of  fixed  construction  and  the 

1Ibid. ,  p.  173. 

^ Ibid. ,  p.  244. 
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number  of  additional  vehicles  required  for  peak  use.  Where 
estimated  peak  hours  vary  in  any  specific  case  (four  may 
be  an  overestimate  in  some  cases),  the  analysis  would  be 
adjusted  accordingly. 

Costs  of  Congestion 

One  important  aspect  which  is  being  increasingly 

discussed  in  the  literature  is  that  of  "costs  of  congestion" 

on  urban  highways,  a  phenomenon  closely  allied  to  peak-hour 

costs,  since  it  is  at  these  times  that  congestion  usually 

occurs.  The  basic  idea  is  that  when  the  flow  of  vehicles 

reaches  the  point  where  traffic  speed  is  reduced  below  a 

certain  level  (e.g.,  35  m.p.h.),  car  operators  incur  extra 

1 

costs  per  vehicle  mile  for  gasoline,  tire  wear,  etc.  Some¬ 
times  included  also  is  the  loss  of  benefit  because  of  slower 
travel  and  therefore  longer  travel  times.  The  marginal 
automobile,  in  adding  to  congestion,  imposes  upon  both  it¬ 
self  and  other  automobiles  delays  which  involve  these  cost 
increases.  William  Vickrey  has  developed  a  method  of  allo¬ 
cating  costs  among  different  time-periods  of  the  day  accord¬ 
ing  to  the  amount  of  delay  imposed  by  all  users  on  each  other 

2 

during  each  period.  In  other  words,  when  driving  speeds 


Supra,  p.  19.  The  35  m.p.h.  congestion  limit  is 
suggested  by  Webb  and  Moskowitz,  op.  cit.  See  footnote  2, 
p.  9  of  this  chapter.  Other  evidence  is  contained  in  John 
W.  Gibbons  and  Albert  Proctor,  "Economic  Costs  of  Traffic 
Congestion" ,  Highway  Research  Board  Bulletin,  LXXXVI  (1954), 
4-7,  where  tire  costs  of  stop-go  driving  are  stated  to  be 
three  times  those  of  open-road  costs,  and  90%  of  brake  and 
clutch  wear  is  caused  by  these  stops. 

2 

Quoted  in  Lyle  C.  Fitch  and  associates,  Urban  Trans¬ 
portation  and  Public  Policy  (San  Francisco:  Chandler,  1954) , 

pp .  158-61 . 
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fall  below  35  m.p.h.,  each  vehicle  causes  a  marginal  loss 
of  benefit  or  increase  in  cost  in  terms  of  time,  and  higher 
operating  costs  for  itself  and  all  other  vehicles.  No  one 
vehicle  has  priority  over  any  other,  and  therefore  they 
are  all,  as  it  were,  "to  blame"  and  all  must  bear  equally 
the  increased  costs  in  any  one  time-period.  Vickrey  derives 
a  formula  for  the  computation  of  the  proportion  of  the  total 
costs  of  all  delays  experienced  during  the  24-hour  period 
which  are  attributable  to  the  vehicles  of  any  one  period. 

He  does  not  consider  how  these  costs  are  to  be  measured; 
but  since  it  is  clear  that  apart  from  the  effect  on  operating 
costs,  they  are  mainly  the  cost  of  increased  travel time, 
valuation  will  be  according  to  methods  described  in  the  fol¬ 
lowing  chapter.  Costs  of  extra  discomfort  and  frustration 
experienced  by  drivers  in  congested  conditions  may  need  to 
be  considered. 

There  seems  to  be  some  confusion  inFitch* s  discussion 
about  the  relation  between  the  costs  of  highway  operations 
and  delays  caused  by  congestion.’^  He  derives  Vickrey’s 
formula  for  "the  proportion  of  the  total  delay  chargeable 
to  the  vehicles  constituting  the  traffic  of  the  ith  period," 
and  immediately  thereafter  states  that  the  formula  will  show 
"the  proportion  of  the  total  costs  to  be  charged  to  the 
traffic  of  the  ith  hour."  (Italics  mine.)  It  is  not  clear 
what  costs  he  is  referring  to.  In  fact,  all  vehicles  will 

’^Ibid. ,  o.  l60. 
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have  no  alternative  but  to  pay  the  increased  cost  of  gaso¬ 
line  and  tire  wear,  etc.,  unless  they  choose  to  travel  at 
uncongested  times.  The  "costs"  of  delay  will  be  shown  as 
time  losses.  Highway  wear  and  tear  per  vehicle  may  be 
higher  when  traffic  flow  is  higher,  and,  if  so,  vehicles 
travelling  at  busy  times  may  be  held  accountable  for  greater 
road  repair  costs  per  vehicle.  But  there  does  not  seem  to 
be  any  reason  why  the  capital  costs  of  highways  are  allo¬ 
cable  more  to  peak  or  congested  times  than  to  off-peak 
periods  unless  extra  lanes  are  provided  which  would  be 

I  * 

unnecessary  during  the  off-peak  periods.  Fitch  does,  how¬ 
ever,  take  data  for  the  average  capital  cost  of  urban  high¬ 
ways  per  vehicle-mile,  and  derives  a  "peak-hour  cost  factor" 

to  convert  these  values  into  peak-hour  capital  costs  per 

1 

vehicle  mile.  He  implies  that  this  factor  is  derived  from 
Vickrey’s  formula,  but  does  not  state  the  method  of  deri¬ 
vation. 


^Ibld . ,  Tables  IV-I  and  IV-2,  pp.  133-34  and  p. 


265. 
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CHAPTER  III 


CONSUMER  CHOICE  IN  URBAN  TRANSPORTATION 

There  are  many  reasons  connected  with  the  economic 
and  social  life  of  an  urban  area  which  give  rise  to  the 
demand  for  transportation  facilities.  Broadly,  total  person 
trips  may  be  classified  in  three  ways:  (a)  trips  to  and 
from  the  place  of  work,  (b)  trips  made  as  part  of  work  or 
business,  e.g.,  doctors  visiting  their  patients  and  (c) 
other  trips  including  social,  recreational  and  shopping 
trips.  Of  these,  (a)  and  (b)  are  the  more  easily  projected 
into  the  future  according  to  forecasts  of  land-use,  popul- 
lation  and  employment.  For  the  purposes  of  planning  a 
transportation  system,  however,  engineers  have  accepted 
that  forecasts  of  total  person  trips  within  an  urban  area  can 
be  sufficiently  accurately  developed  by  means  of  '’origin- 
destination”  studies  and  more  recently  developed  travel 
simulation  techniques,  such  as  the  "gravity”  method.’^  The 
main  assumption  is  that  "travel  within  am  urban  area  is 
extremely  orderly,  measurable,  and  basically  rational"^ — i.e., 

'^For  instance,  see  Traffic  Research  Corporation,  Me¬ 
tropolitan  Toronto  Transportation  Research  Program,  Report 
Number  Cne  (Toronto :  Metropolitan  Toronto  Planning  Board, 
1962). 

2CATS,  op.  clt.,  I,  5. 
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It  Is  predictable.  Not  only  is  total  demand  within  the 
area  forecast,  but  projections  for  trips  among  points  or 
"zones"  within  the  area  are  made,  thereby  providing  a  basis 
for  detailed  planning.  It  is  important  to  point  out,  how¬ 
ever,  that  urban  travel  will  be  the  less  predictable  the 
more  costs  change  over  time,  i.e.,  demand  depends  to  some 
extent  on  supply  conditions.  These  techniques  of  traffic 
forecasting,  however,  make  supply  depend  on  demand,  and  do 
not  consider  a  possible  "feedback"  from  supply  to  demand. 

Thus  improved  travel  times  made  possible  by  new  facilities 
will  very  likely  encourage  increases  in  demand  beyond  what 
is  included  in  the  basic  forecast,  and  may  lead  to  a  renewal 
of  congestion  which  the  improvement  seeks  to  avoid.  This 
"cost- fall- induced  congestion"  is  an  example  of  the  second 

round  effects  of  transportation  improvements  which  are 

1 

usually  ignored  by  planners,  yet  such  effects  are  likely 
to  reduce  the  potential  benefits  of  a  particular  improve¬ 
ment. 

This  problem  can,  however,  be  solved  by  a  satisfac¬ 
tory  price  mechanism,  which  needs  to  be  discussed  in  a  fol¬ 
lowing  chapter:  before  we  can  proceed  to  that,  the  economic 
conditions  of  consumer  demand  for  urban  transportation  must 
be  studied.  The  allocation  of  total  trips  among  the  modes 
of  transportation  is  not  made  by  such  techniques  as  the 

^See  M.  E.  Beesley,  A.  J.  Blackburn  and  G.  D.  Foster, 
"Urban  Transport  Models  and  Motorway  Investment",  Economica, 
XXX  (August,  1963),  243  ff. 
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gravity  model;  thus  given  evidence  on  how  the  consumer 
chooses  between  the  modes,  and  information  about  relative 
costs  to  him  of  the  alternatives,  it  is  the  task  of  the 
economist  to  decide  the  optimum  allocation  of  resources 
consistent  with  the  provision  of  capacity  sufficient  to  meet 
demand.  If  the  provision  of  this  capacity  leads  to  a  lower¬ 
ing  of  price  to  the  consumer,  then  either  this  price  has  to 
be  changed  artificially,  or  demand  elasticities  have  to  be 
calculated  so  that  the  amount  of  additional  trips  can  be 
calculated. 

The  Nature  of  the  Demand 

It  is  worth  re-stating  a  reminder  that  the  correct 
framework  in  which  to  apply  an  analysis  of  both  costs  and 
demand  is  that  of  the  complete  movement  from  the  start  to 
the  finish  of  a  trip.  This  framework,  which  includes  feeder 
and  distribution  services  as  well  as  line-haul  operation,  has 
been  applied  to  the  discussion  of  costs  in  the  last  chapter. 
The  assumption  that  this  is  the  correct  framework  is  justi¬ 
fied  by  the  fact  that  consumers  do  exercise  decisions  of 
choice  about  the  whole  "package"  and  not  simply  a  part 
thereof,  such  as  a  particular  kind  of  line-haul  facility. 

A  further  qualifying  assumption  (really  an  extensionof  the 
previous  one)  is  that  consumers  attach  disutility  to  urban 
travel,  and  wish  it  to  be  as  speedy,  as  cheap  and  as  comfor¬ 
table  as  possible.  It  is  suggested  that  exceptions  to  this 
rule  are  negligible  in  number. 
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A  Special  Characteristic  of  Demand--the  Peak  Problem 

One  of  the  most  difficult  problems  of  urban  travel 
analysis  and  transportation  planning  is  the  occurrence  of 
different  peak  and  off-peak  levels  of  demand.  Urban  travel 
is  not  a  smooth  process  of  production,  but  is  characterized 
by  heavy  concentration  and  very  light  usage  within  the  24- 
hour  period,  depending  on  the  time  of  day.  The  most  pro¬ 
nounced  peaks  occur  with  morning  and  evening  journeys  to 
and  from  work;  moreover  peak  hour  demand  as  a  percentage  of 
the  daily  total  is  generally  much  higher  for  transit  than 
for  automobile  trave.  This  is  a  reflection  of  the  decline 
in  transit  use  for  journeys  other  than  those  to  and  from 
work.  For  instance,  in  1909,  transit  services  accounted 
for  33  cents  per  dollar  spent  on  all  transportation  in  the 

U.S.,  and  the  figure  fell  to  15  cents  in  1929  and  4  cents  in 
1 

1963.  But,  particularly  in  high  population-density  urban 
areas,  transit  still  accounts  for  a  large  percentage  of 
travel  during  the  peak,  while  its  use  out  of  the  peak  hours 
drops  sharply.  Its  use  is  also  much  higher  for  travel  to 
and  from  downtown  areas  where  automobile  congestion  and 
parking  problems  are  most  acute.  Some  illustrative  facts 
and  figures  are  as  follows:  the  next  table  illustrates 
the  use  of  transit  services  throughout  the  day  and  for  trips 
within  the  whole  metropolitan  area. 

’^Owen,  op.  cit.,  p.  70. 
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TABLE  5 

PERCENTAGE  OF  ALL  TRIPS  UNDERTAKEN  BY  TRANSIT  IN 

SELECTED  CITIES,  BY  PURPOSE21 


City 

Year 

Work 

Business 

Shopping 

Social 

Recreational 

Chicago 

1956 

32.6 

I8.5 

13.5 

Detroit 

•1953 

21.2 

11 . 3 

6 . 6 

Washington 

1955 

30.3 

17.1  ' 

11.7 

Pittsburgh 

1958 

23.2 

11.0 

7.0 

St.  Louis 

1957 

20.1 

10.5 

7.4 

Kansas  City 

1957 

7- 4 

5.4 

3.2 

Nashville 

I95I 

10.5 

4.0 

2.7 

Edmonton 

I96I 

22.3 

20 

.3 

Wilbur  Smith  and  Associates,  Future  Highways  and 
Urban  Growth  (New  Haven,  Conn:  Compass  Publishing  Co., 
I960),  pp.  348-50,  and  NETS,  op.  clt.,  I,  14  and  25. 

Thus  the  percentage  of  all  work  trips  within  these  metro¬ 
politan  areas  carried  by  transit  is  larger  than  that  of  non- 
work  trips,  but  yet  never  goes  above  one  third  of  the  total 
number  of  trips,  and  declines  to  a  very  small  percentage 
in  the  case  of  smaller  cities  such  as  Kansas.  Now  if  we 
consider  data  for  travel  during  peak:  hours  only,  it  is 
evident  that  the  percentage  of  all  trips  accounted  for  by 
transit  is  higher.  The  following  table  s.lso  includes  for 
purposes  of  comparison,  data  on  all  trips  within  the  metro¬ 
politan  area,  and  all  trips  to  the  Central  Business  District 
regardless  of  the  time  of  day. 


Svvsnti  *10 1 
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TABLE  6 

TRANSIT  TRIPS  AS  A  PERCENTAGE  OF  THE  FOLLOWING8- 


City 

Date  . 

All  trips 
in  met. 
area 

All  trios 
to  CBD 

All  trips  in 
CBD  in 
Peak  hours 

New  York 

1956 

b 

73 

88 

Chicago 

I960 

24 

59 

83 

Detroit 

1958 

17 

52 

57 

San  Franc i sc 

3  1954 

34 

49 

50 

Washington 

1955 

24 

33 

42 

Edmonton 

196.1 

2.1 

26 

34 

Lyle  C.  Fitch  and  Associates,  Urban  Transportation 
and  Public  Policy,  (San  Francisco:  Chandler,  1964),  p.  259; 
NETS,  op.  cit.,  I,  25;  and  Stanley,  Grimble,  Roblin  Ltd. 
and  Barton  Aschman  Associates  Ltd.,  Metropolitan  Edmonton 
Transportation  Survey  Data  Report.  Interim  Report  No.  3 
(Edmonton:  1962),  Exhibits  5  and  6,  pp.  12  and  13. 

b 

data  not  available. 

It  is  evident,  then,  that  transit,  especially  in  the  very 
large  cities,  accounts  for  a  larger  percentage  of  peak  than 
off-peak  total  trip  demand,  and  accounts  for  a  larger  per¬ 
centage  of  all  trips  to  the  Central  Business  District  than 
it  does  for  all  trips  within  the  whole  metropolitan  area. 
These  trends  become  less  pronounced,  however,  for  smaller 
cities  such  as  Edmonton. 

To  make  clear,  however,  the  peak  hour  problem,  it 
is  necessary  to  see  how  (a)  transit  and  (b)  automobile 
trips  are  distributed  throughout  the  day.  That  the  transit 
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peaks  are  much  greater  than  automobile  peaks  is  evident 
from  figure  3»  which  pertains  to  Chicago  in  1956.  Similar 
diagrams  for  other  cities  reveal  the  same  sort  of  trend. 

The  problem  posed  by  these  peaks  of  urban  travel  is  that 
much  roadway,  and,  more  particularly,  transit  capacity  is 
idle  during  most  of  the  24-hour  period.  Meyer  et  a.l.  cal¬ 
culated  that  if  the  use  of  urban  highways  in  Chicago  was 
regular  and  showed  a  lack  of  any  peaks  over  the  whole  24- 
hour  period,  the  required  capacity  to  accomodate  all  users 
in  the  1956  would  have  been  103*5  miles  of  4- lane  highways, 
and  that  517.5  miles  would  have  allowed  every v traveller 
to  drive  his  own  car.  In  195&  Chicago  actually  had  about 
.10,000  miles  of  streets  and  highways  and  1,9-14  route-miles 
of  transit  facilities.'*’  Given  that  the  provision  of  extra 
capacity  to  cater  for  peak  demand  is  costly,  then  one  of 
the  planning  objectives  should  be  to  minimize  this  addition¬ 
al  burden.  It  has  often  been  suggested,  for  instance,  that 
public  policy,  perhaps  through  legislation,  should  attempt 
to  "stagger”  working  hours  in  an  effort  to  smooth  out  travel 
peaks;  but  it  seems  to  be  generally  thought  that  this  pro¬ 
cedure  would  not  only  be  impractical,  but  undesirable  in 
that  it  would  interfere  too  drastically  with  the  daily 
routine  of  urban  dwellers.  The  social  cost  of  interrupting 
the  pattern  of  everyday  life  would  be  too  severe.  The  only 
alternative  is  to  act  on  the  demand  for  transportation  in 
other  ways.  In  accordance  with  the  investment  criteria 

^Meyer  et  a.l . ,  op .  cl t . ,  p.  84. 
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^ig.  3 — Chicago,  .19 56:  hourly  distribution  of  trios 

by  mode. 

aCATS,  oo.  Git.,  I,  fig.  24,  48. 
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described  below  in  chapter  IV,  the  aim  is  to  maximise  the 
difference  between  total  gains  and  costs  according  to  and 
occasioned  by  the  provision  of  peak  capacity:  more  speci¬ 
fically,  as  a  rule  of  thumb,  attention  must  be  paid  to 
methods  of  influencing  demand  which  would,  reduce  the  costs 
of  providing  this  capacity  by  more  than  any  concomitant  re¬ 
duction  in  gains.  At  the  extreme,  it  is  obviously  very 
desirable  to  turn  a  negative  balance  of  gains  over  costs 
into  a  positive  one.  Once  the  optimum  solution  has  been 

attained,  it  does  not  matter  to  whom  the  various  costs  and 

I 

gains  accrue,  whether  it  be  the  users  or  the  sellers  of 
transportation,  or  governments.  These  aspects  of  distri¬ 
bution  do,  however,  matter  for  their  effects  on  the  demand 
for  the  different  modes,  and  one  way  of  influencing  the  re¬ 
lative  demand  for  them  is  to  operate  on  the  distribution  of 
costs  in  particular.  For  example,  it  is  suggested  that  the 
users  of  urban  roads  during  peak  periods  do  not  pay  the 
costs  of  the  extra  capacity  they  require,  and  that  if  the 
full  costs  thereof  were  imposed,  many  such  trips  would 
switch  to  alternative  modes,  e.g.,  public  transit,  or  not 
be  undertaken  at  all,  or  be  undertaken  during  off-peak 
hours.  To  estimate  the  validity  of  this  assertion,  the 
factors  influencing  consumer  choice  must  be  examined. 

These  are,  firstly,  the  direct  cost  to  the  consumer,  his 
income,  and  the  availability  to  him  of  a  particular  mode. 
Secondly,  the  assumption  already  made  about  the  disutility 
of  urban  travel  involves  a  value  to  the  consumer  of  certain 
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elements  in  the  travelling  process.  Kost  particularly, 
these  are  the  time  spent  in  travelling,  and  quality  of 
service  factors  which  include  comfort,  convenience,  privacy, 
liability  to  property  damage  and  personal  injury,  etc. 

The  historical  statistics  show  a  trend  of  not  only 
relative  but  absolute  decline  in  the  use  of  transit  ser¬ 
vices,  particularly  since  1945.  The  most  notable  decline 
in  the  number  of  passengers  carried  has  occurred  on  surface 
rail  services,  from  a  total  of  9 ,426  million  passengers  in 
1945  in  the  United  States  to  276  million  in  1965.  Subways 
and  elevated  rail  services  suffered  a  drop  from  2,698  to 

I, 858  million,  and  trolley  and  motor  bus  services  from 

,  1 

II, 130  million  to  6,1.19  million.  These  figures  come  as  no 
surprise,  since  the  trend  of  automobile  ownership  has  been 
sharply  upwards,  and  automobiles  have  been  taking  a  rapidly 
increasing  share  of  the  urban  transportation  market.  Oi 
and  Shuldiner  have  noted  the  strong  upward  trend  in  the 
ownership  and  use  of  automobiles  in  the  U.S.: 

1 

Over  time,  the  auto  is  consuming  an  increasingly  larger 
share  of  the  typical  urban  family’s  budget.  Both  the 
cross-sectional  and  time- series  data  indicate  that  out¬ 
lays  for  auto  transportation  are  quite  responsive  to 
changes  in  income;  the  estimated  income  elasticities  are 
generally  greater  than  one.  Yet,  even  after  the  income 
effect  is  taken  into  account,  the  budget  share  allocated 
to  auto  transportation  exhibits  a  significant  and  posi¬ 
tive  trend. 


■^American  Transit  Association,  Transit  Fact  Book 
1966  (Washington:  1966),  Table  4,  p.  6. 

2W.  Y.  Oi  and  P.  V/.  Shuldiner,  An  Analysis  of  Urban 
Travel  Demands  (Evanston:  Northwestern  University  Press, 

1962),  p.  196." 
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But  there  are  examples  of  new  rapid  transit  schemes  promoting 
an  increase  in  patronage,  though  with  varying  degrees  of 
success.  Thus  over  of  the  i960  passengers  on  the  Yonge 
Street  Subway  in  Toronto  and  on  the  Eisenhower  (formerly 


Congress  Street)  rapid  transit  line  in  Chicago  were  passen¬ 
gers  who  previously  used  transit.  About  12 V.5%  to  13#  of 
them  in  each  case  had  shifted  from  automobile.^"  However, 
response  to  the  opening  of  the  Skokie  rapid  transit  extension 
in  Chicago  in  July,  1964,  was  "far  beyond  the  most  optimistic 
estimates",  with  an  average  of  6,500  passengers  per  day 

p 

carried  after  6  months  instead  of  the  expected  1,550. 


Factors  Influencing  Consumer  Choice 

Let  us  deal  first  with  the  effect  of  income  on  the 
choice  of  mode:  according  to  Warner,  "the  effect  of  income 
through  car  ownership  shows  up  as  the  high  average  probabi¬ 
lity  of  automobile  choice  if  a  car  is  available" In  the 
U.S.  in  1963,  of  all  families  with  family  income  under 


Hleyer  et  alM  op.  cit.,  p.  100. 

2 

American  Transit  Association,  Diagrammatic  Pro- 
gress  Report  of  the  Federal-Aid  Transit  Activities  under 

the  Housing  Act  of  .1961  and  the  Urban  Pass  Transportation 

Act  of  1964,  p.  3. 

3 

S.  L.  Warner,  Stochastic  Choice  of  Mode  in  Urban 
Travel  (Evanston:  Northwestern  University  Press,  1962), 

p.  66. 
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$3,000,  53%  owned  an  automobile.  In  the  range  $7,500  to 

$10,000  the  figure  was  9 5$,  and  30$  owned  two  cars. 

Warner  also  suggests  that  when  the  total  household 

demand  for  trips  is  .large,  relative  to  the  number  of  cars 

available,  the  probability  of  an  individual’s  taking  the 

l 

car  for  the  work  trip  is  smaller.  A  corollary  of  this 
would  be  that  both  local  trips  and  the  work  trip  are  vir¬ 
tually  certain  to  be  undertaken  by  automobile  if  two  or 
more  are  available.  So  it  is  clear  that  income  operates 

on  modal  choice  through  the  level  of  car  ownership.  But 

I 

a  strict  one-way  interpretation  is  difficult.  Does  the 

necessity  for  trip  making  induce  those  who  can  afford  it  to 

buy  a  car,  or  is  a  car  bought  for  reasons  of  social  status, 

etc.,  and  does  it  therefore  become  the  causal  factor  in 

certain  trips?  Oi  and  Shuldiner  suggest  quite  strongly 

that  "car  ownership  was  found  to  be  the  single  most  im- 

2 

portant  factor  associated  with  trip  generation  rates", 
i.e.,  the  demand  for  automobile  ownership  is  the  exogenous 
variable,  and  the  demand  for  trips  follows  from  ownership, 
a  situation  which  is  the  opposite  of  what  we  would  logically 
expect  to  see.  Much  research  is  required  in  this  field: 
the  trend  which  would  likely  emerge  is  that  rising  incomes, 
being  the  factor  which  permits  automobile  acquisition  and 
operation,  would  result  in  marginal  additions  to  tne  number 

Ibid . ,  p .  67. 

2Ci  and  Shuldiner,  op.  cit.,  p.  192. 
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of  trips  undertaken  and  it  seems  .likely  that  all  these 
additional  trips  will  be  made  by  automobile,  and  a  number 
of  trips  previously  made  by  alternatives  will  now  transfer. 
The  probable  net  effect  is  that  total  trip  demand  rises 
with  income,  and  the  share  of  the  total  accounted  for  by 
automobile  transportation  sharply  rises. 

We  have  seen  that  income  is  closely  tied  up  with 
the  availability  of  an  automobile.  What  about  the  avail¬ 
ability  of  transit  services?  With  a  few  exceptions  every 
city  has  some  form  of  transit  service,  and  in  this  sense 
transit  services  are  always  available  except  during  certain 
night  hours.  We  can  talk  also  of  availability  in  the  sense 
of  the  average  distance  between  the  origin  of  the  journey 
and  the  transit  boarding  point  and  the  length  of  the  head¬ 
way  between  transit  vehicles;  but  these  factors  are  more 
appropriately  included  as  part  of  the  travelling  process, 
and  therefore  affect  the  time  spent  travelling. 

The  effect  on  demand  of  relative  cost  to  the  con¬ 
sumer  of  different  modes  has  been  the  subject  of  certain 
studies.  Operating,  maintenance  and  depreciation  costs  of 
automobile  operation  have  been  outlined  in  Chapter  II  and 
these  are  relevant  to  the  decision  to  use  a  car.  Taxes 
on  gasoline,  vehicle  tax,  and  license  fees,  etc.,  must  now 
be  included  as  part  of  what  the  consumer  actually  pays. 
Taking  Meyer*  s  estimates  plus  an  allowance  of  0.8  cents  per 
vehicle  mile  for  gasoline  tax,  a  figure  of  11.35  cents 
for  all  inclusive  user  cost  per  vehicle  mile  is  arrived 
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at.'1  A  maximum  estimate  of  cost  to  the  consumer  per  ve¬ 
hicle  mile  would  be  something  in  the  region  of  12  cents. 

The  wide  variation  in  possible  costs  is  accounted  for  by 
many  things:  speed  and  traffic  congestion  as  well  as  the 
size,  age  and  other  technical  characteristics  of  the  car. 

An  eight  mile  round  trip  by  automobile  might  well,  then, 
cost  up  to  a  dollar,  whereas  the  consumer  would  only  pay 
50  cents  at  the  relatively  high  transit  fare  of  25  cents. 

It  is,  then,  cheaper  to  use  transit  in  most  instances. 

Why,  then,  is  increasing  automobile  usage  and  declining 
transit  use  the  present  trend?  Presumably  the  answer  lies 
in  the  superior  aspects  of  car  travel  apart  from  the  cost 
aspect.  These  are  factors  such  as  relative  travel  time, 
comfort,  convenience,  privacy,  etc.  But  before  proceeding, 
it  must  be  noted  that  there  are  instances  where  cost  aspects 
favour  the  automobile  in  the  immediate  interests  of  the 
consumer.  One  is  the  case  where  the  automobile  is  owned 
for  purposes  other  than  urban  transportation  and  tne  only 
consideration 'is  then  the  marginal  cost  of  car  operation  as 
against  the  transit  fare:  for  an  eight  mile  round  trip, 
this  would  be  8.4  cents  for  gasoline  and  oil  only ,  and  23.2 
cents  for  all  operating  costs  including  repairs  and  mainten- 

^Meyer  e t  a.  1 . ,  op .  cl t . ,  p.  218.  Also,  supra , 
p.  1@.  The  figure  is  10.550  plus  0.80  tax  =  11 . 350 • 

Meyer’s  estimates  are  somewhat  conservative,  since  they 
refer  to  a  compact  car,  but  the  authors  justify  this  as 
the  tyre  most  lihely  to  be  used  for  urban  travel,  particu¬ 
larly  commuting. 
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ance.  Another  very  important  instance  is  the  case  where 

one  or  more  passengers  are  carried:  actual  estimates  of  the 

average  number  of  persons  per  car  in  trips  to  the  Central 

2 

Business  District  range  from  1.2 5  to  1.66  approximately. 

At  a  figure  of  1.33,  the  dollar  figure  for  the  cost  of  an 
eight  mile  round  trip  would  be  reduced  to  75  cents  per 
person.  Thirdly,  if  a  feeder  service  is  used  to  reach  a 
transit  boarding  point,  there  will  be  an  additional  cost 
Imposed.  A  few  studies  and  experiments  on  the  price  el¬ 
asticity  ojf  demand  of  transit  services  have  been  made. 

I 

Warner  considers  the  problem  of  the  secular  decline  in 

transit  revenues,  and  attempts  to  evaluate  what  will  happen 

3 

to  total  transit  revenue  when  fares  are  raised.  He  con¬ 
cludes  from  empirical  evidence  that  for  those  who  have  a 
choice  between  automobile  and  transit  the  price  elasticity 
of  demand  for  transit  is  between  -0.70  and  -1.22,  i.e., 
approximately  unity;  there  is  also  a  second  group,  however, 
who  cannot  for  various  reasons  choose  automobile,  and  they 
compose  a  share  of  the  market  which  is  characterized  by  in¬ 
elastic  demand.  He  concludes  that  increased  car  ownership 
means  the  transit  demand  becomes  less  inelastic,  and  that 
therefore  fare  increases  will  tend  to  bring  relatively 
small  increases  in  total  revenue.  These  conclusions  seem 

’^"At  Meyer*  s  estimates  of  1.05^  and  2.90^  respectively 
per  vehicle  mile. 

^See  various  transportation  studies  and  writings 
on  urban  transportation. 

^Warner,  oo .  cit . ,  p.  64. 
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to  be  slightly  confused  in  that  it  is  more  likely  that  as 
car  ownership  increases  price  elasticity  of  demand  for 
transit  becomes  less,  not  more:  fare  raising  fails  to 
bring  revenue  to  cover  growing  deficits  not  because  demand 
is  becoming  more  elastic,  but  because  the  demand  curve  is 
shifting  downwards,  and  costs  are  kept  relatively  high  be¬ 
cause  of  a  slower  contraction  in  services. 

That  the  demand  for  transit  services  is  inelastic, 

whether  it  is  becoming  more  or  less,  is  borne  out  by  Hoses 

and  Williamson’s  study,  which  concludes  that  if  transit 

fares  in  Chicago  were  reduced  to  zero,  less  than  one-fifth 

of  present  commuters  by  automobile  would  be  diverted.'^  The 

estimates  are  that  13$  of  automobile  users  who  indicated 

bus  or  streetcar  as  their  first  choice  of  alternative  would 

shift,  and  that  18$  of  those  indicating  elevated  or  subway 

2 

rail  as  their  ma.in  alternative  would  divert. 

Practical  experiments  have  shown  transit  demand  to 
be  price  inelastic.  In  Chicago,  an  experimental  off-peak 
reduction  in  1953  brought  about  averages  of  a  10$  increase 
in  traffic,  but  a  4.6$  decrease  in  revenue  for  each  day  of 
the  experiment;-^  in  Edmonton  a  similar  experiment  in  i960 
caused  an  8$  increase  in  traffic,  but  a  4$  fall  in  reven- 

‘^L.  N.  hoses  and  H.  F.  Williamson,  ’’Value  of  Time 
Choice  of  Mode  and  the  Subsidy  Issue  in  Urban  Transportation” , 
Journal  of  Political  Economy,  LXXI  (June,  1963)5  247-64. 

2Ibid.,  p.  26.1. 

•'Owen,  op.  cit.,  p.  92. 
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ue.'  There  have  been  no  studies  or  experiments  about  in¬ 
ducing  shifts  from  transit  to  automobile,  presumably  be¬ 
cause  there  have  been  no  instances  where  it  has  been 
thought  remotely  desirable.  Some  cases  of  the  abandon¬ 
ment  of  transit  services  in  small  cities  obviously  forced 
such  a  shift:  there  were  77  cases  of  abandonment  without 

replacement  in  the  United  States  from  195^  to  1961,  all 

2 

but  three  being  in  toms  of  under  50 » 000  people.  A  rea¬ 
sonable  a  priori  suggestion  is  that  as  automobile  usage 
increases  and  transit  demand  falls,  the  latter  becomes 
more  and  more  inelastic’  at  the  same  time,  reflecting  transit 
usage  by  few  others  than  those  who  have  no  choice  in  the 
short  run,  or  none  at  all  (because  they  are  unable  to  drive, 
are  old,  or  too  young). 

The  evidence  suggests  quite  strongly,  then,  that  it 

would  be  difficult  to  induce  substantial  shifts  between  the 

3 

modes  by  price  changes;  but  as  Beesley  points  out,  even 
small  shifts  may  be  beneficial.  Thus  for  London,  where 
rail  transit  lines  appear  to  provide  peak  capacity  more 
cheaply  than  do  urban  roadways,  he  concludes  that  quite 
small  percentage  shifts  from  roads  to  public  transport  would 

'^•Report  on  the  present  operations  of  the  Edmonton 
Transit  System  with  a  view  to  determining  a  policy  for  the 
future  operation  of  the  system  (Edmonton:  Edmonton  Transit 

System,  1961 ) ,  pT  35* 

2 

Data  from  the  American  Transit  Association  quoted 
in  Fitch,  op.  clt.,  p.  263. 

^M.  S.  Beesley,  "The  Value  of  Time  Spent  in  Travel¬ 
ling:  Some  New  Evidence",  Economica,  XXXII  (Kay,  1965)* 

184. 
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have  markedly  beneficial  results,  e.g.,  in  decongesting 
roads. 

We  now  consider  what  has  been  evidenced  as  one  of 
the  more  important  factors  in  consumer  choice.  This  is 
the  time  spent  in  travelling,  and  the  relative  time  taken 
by  the  various  modes. 

It  has  for  sometime  been  accepted  that  people, 
particularly  urban  travellers,  attach  a  value  to  the  time 
they  spend  in  transit,  i.e.,  they  suffer  a  disutility  of 

travel,  which  is  partly  accounted  for  by  time.  Studies 

/ 

undertaken  for  the  transportation  plan  for  the  National 
Capital  Region  derived  a  'traffic  diversion"  curve  showing 
what  percentages  of  trips  would  move  by  transit  given  a 
particular  ratio  between  the  travel  time  via  transit  and 
that  via  automobile,  and  given  equal  costs  to  the  consumer 
of  travel  by  new  expressways  or  transit  facilities. 


TABLE  7 

REPRESENTATIVE  DATA  FROM  WASHINGTON  TRAFFIC  DIVERSION  CURVE: 
TRANSIT  VERSUS  FREEWAYS  AND  LOCAL  STREETS,  FOR  DOOR  TO  DOOR 

TRIP3- 

Travel  Time  ratio  Percentage  of  all 

time  via  transit/time  via  auto  trips  made  by  transit 

0.50 . 100 

O.65 .  75 

1.00 .  40 


1.20 .  30 

1.50 .  0 


aU.S.  National  Capital  Planning  Commission,  Trans¬ 
portation  Plan-Lass  Transportation  Survey  Report  (Washing¬ 
ton!  1959 )f  p.  40. 
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These  figures  must  be  regarded  only  as  approximations,  since 
the  other  factors  being  considered  here  obviously  affect 
relative  usage  also.  Without  accepting  too  strictly  the 
accuracy  of  the  figures,  then,  we  can  at  least  conclude 
that  they  give  some  guidance,  and  show  relative  tendencies. 
The  Washington  figures  would  suggest  that  equal  door-to-door 
times  would  yield  40$  of  travellers  using  public  transit 
facilities,  but  when  transit  takes  one-and-a-half  times 
the  automobile  time,  then  transit  usage  falls  almost  to 
zero.  Figures  available  for  Edmonton  are  relevant  to  peak 

period  work  trips  to  and  from  the  Central  Business  District 

.1 

only.  They  indicate,  -given  the  ratio  between  transit  and 

automobile,  what  percentage  of  such  trips  can  be  expected 

to  use  transit.  The  actual  average  times  taken  by  the 

different  modes  in  Edmonton  are  as  follows:  the  average 

time  for  automobile  travel  in  peak  hours  from  the  Central 

Business  District  to  the  fringe  of  the  city  (3§-4§  miles) 

at  14  to  .18  miles  per  hour  is  between  1 5  and  20  minutes, 

while  for  the  same  distance  transit  in  I96.I  took  from  25  to 
*  2 

35  minutes.  The  data  given  do  not  include  walking  and 
waiting  time  for  transit,  for  which  a  conservative  estimate 
would  be  5  minutes,  although  transfer  times  are  included. 

The  actual  time  for  transit  is,  therefore,  from  30  to  40 
minutes.  The  differential  in  time  is  thus  in  the  range  from 


■lMETS,  op.  c  1 1 . ,  I,  Fig.  24,  42. 
^ Ibid. ,  pp.  30  and  37* 
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.15  to  20  minutes.  At  an  average  of  one  car  per  dwelling 
unit,  the  percentage  of  Central  Business  District  work:  trips 
taken  by  transit  is  less  than  30$. 

The  percentage  of  total  trips  taken  by  transit  is 
likely,  then,  to  be  somewhat  lower,  in  view  of  trends  al¬ 
ready  noted  above.  While  being  wary  of  accepting  the  val¬ 
idity  of  an  application  of  Washington  data  to  Edmonton,  it 
is  still  interesting  to  note  that  in  Edmonton  transit  travel 
takes  over  one  and  one  half  times  as  .long  as  automobile 
travel  to  downtown  areas,  which  ratio  in  Washington  would 
correspond  to  a  zero  overall  use  of  transit  I 

Would  the  introduction  of  some  kind  of  rapid  transit 
facility  reverse  the  situation?  The  proposals  for  Edmonton 
envisage  rail  rapid  transit  running  at  an  average  speed  of 
32  m.p.h.'1  Data  suggest  that  this  figure  is  exclusive  of 
stopping  times  at  stations.  As  an  example,  a  four-mile 
journey  would  take  7i  minutes  running  time  plus,  say,  3 
minutes  stopping  time  at  stations  (spaced  every  mile),  plus 
an  average  of  2|  minutes  waiting  time  (proposed  headway  is 
5  minutes,  though  this  would  be  reduced  in  the  peak  hour). 
The  total  is  13  minutes.  To  be  added,  however,  is  the  time 
taken  on  the  feeder  service,  whether  this  be  by  walking, 
automobile  or  bus:  the  range  could  be  anything  up  to  10 
minutes  or  even  more.  A  conservative  estimate  of  4  minutes 

^Canadian  Bechtel  Ltd.,  Rapid  Transit  for  the  City 
of  Edmonton  (Toronto:  1963),  p . _4. 

2Ibid.,  p.  34. 
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would  make  the  total  17  minutes  by  rapid  transit.  Assuming 
automobile  speeds  unchanged,  the  travel  time  differential 
would  now  be  approximately  zero  and  the  ratio  unity.  The 
Edmonton  data  would  suggest  that  at  one  car  per  dwelling 
unit,  55%  of  Central  Business  District  work  trips  would  use 
transit,  a  figure  less  than  the  75%  envisaged  by  the  system.^- 
If,  moreover,  new  urban  freeways  were  to  make  possible  a 
shortening  of  automobile  times,  then  it  is  unlikely  that  on 
the  average  a  rapid  transit  facility  would  be  able  to  match 
them.  Individual  balances  one  way  or  the  other  would  depend 

I 

on  such  things  as  parking  difficulties  downtown,  including 
the  distance  from  the  usual  parking  place  to  the  destination 
to  the  transit  system. 

The  foregoing  discussion  has  considered  some  of  the 
empirical  results  with  regard  to  the  travel  time  factor: 
we  now  turn  to  the  basis  thereof,  which  is  the  valuation  of 
time  by  the  consumer  of  urban  transportation.  The  a  priori 
reason  for  attempting  to  calculate  the  value  of  time  is  that 
the  result  could  be  used  to  determine  how  much  the  consumer 
is  willing  to  pay  for  a  particular  mode  of  transportation, 
ceteris  paribus  (quality  factors  such  as  comfort,  privacy, 
et.)  and  therefore  what  incremental  cost  he  is  willing  to 
pay  to  use  a  faster  mode  of  travel.  On  the  other  hand,  given 
the  cost  differential  between  the  modes,  the  value  of  time 
would  show  wha t  percentages  would  prefer  one  mode  to  the 

1Ibid. 
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other  given  various  travel- time  ratios.  How,  then,  should 
the  value  of  time  be  measured?  The  immediate  problem  faced, 
of  course,  is  that  different  people  must  value  time  dif¬ 
ferently  and  the  same  person  may  put  different  values  on  it 
depending  on  the  purpose  of  the  trip.  For  forecasting  pur¬ 
poses,  or  in  order  to  calculate  a  part  of  the  benefits 
accruing  to  a  project,  an  average  value  for  all  consumers 
or  values  for  different  groups  have  to  be  found,  together 
with  data  on  the  number  in  each  group  travelling  and  the 
purpose  composition  of  the  trips  undertaken  during  the  time 
period  being  considered.  This  is  a  monumental  task:  how¬ 
ever,  some  of  the  approaches  that  have  been  made  are  now 
evaluated . 

There  are  two  main  approaches  which  have  been 
suggested.  The  first  is  that  which  values  time  according 
to  the  wage  rate,  i.e.,  a  sort  of  "productivity"  approach. 
The  second  values  time  according  to  cost  differentials  be¬ 
tween  modes,  i.e.,  the  extra  cost  the  consumer  is  willing 
to  pay  to  save  a  certain  amount  of  time  will  show  the  value 
he  places  on  that  time.  The  first  approach  has  not  been 
much  used:  the  main  example  seems  to  be  the  original 
social  benefit-cost  study  on  the  London  Transport  Victoria 
Line  in  which  the  average  wage  rate  was  used  to  value  time 
savings  for  work  trips,  and  a  smaller  arbitrary  value  was 
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used  for  the  rest.^  The  Chicago  Area  Transportation  Study- 

values  tide  spent  in  automobile  travelling  by  the  simple 

procedure  of  calculating  the  extra  cost  to  the  consumer 

2 

of  travelling  faster:  thus  the  average  automobile  has  its 

minimum  per  mile  operating  costs  of  2.3  cents  per  mile  at  a 
speed  of  40  m.p.h.  If  a  road  improvement  now  permitted  a 
speed  of  53  m.p.h.  the  operator  would  have  to  incur  costs 
of  3  cents  per  mile  to  attain  it,  so  that  for  an  additional 
0.7  cents  the  driver  saves  0.37  minutes  per  mile,  which 
works  out  jat  $1.13  per  hour  for  the  time  saved. 

Moses  and  Williamson  before  calculating  their  "di- 

i 

version  prices”  necessary  to  induce  auto  users  to  shift  to 
transit  work  out  a  theoretica.1  approach  based  on  indiffer¬ 
ence  curve  analysis  with  income  on  one  axis  versus  time 
(including  working  time,  leisure  time  and  travelling  time) 

3 

on  the  other.  They  show  that  the  income  method  of  valuing 
time  savings  is  correct  regardless  of  preference  systems, 
except  in  the  case  where  a  standard  number  of  hours  of  work 
is  conformed  to.  In  this  case  the  income  valuation  over¬ 
states  benefits  for  those  individuals  who  would  like  to 
work  more  than  the  standard  number  of  hours,  (income  pre- 
ferrers)  and  understates  them  for  those  who  would  like  to 

‘‘G.  D.  Foster  and  M.  S.  Beesley,  "Estimating  the 
Social  Benefit  of  Constructing  an  Underground  Railway  in 
London,"  Journal  of  the  Royal  Statistical  Society,  Series  A 
(General ),  CXXVI  (part  l,  1963),  51. 

2CATS,  op.  cit.,  Ill,  9. 

■%oses  and  Williamson,  op.  cit. 
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work  less  than  the  standard  number  of  hours  (leisure  pre- 
ferrers).  They  then  analyze  the  "pure  cost"  approach,  i.e., 
valuing  time  savings  by  the  additional  cost  of  obtaining 
them,  and  conclude  that  this  resultant  value  of  time  must 
be  equal  to  or  less  than  the  true  value,  and  there  may  be 
some  higher  price  that  the  commuter  would  be  willing  to  pay 
to  take  the  faster  mode,  given  the  price  of  the  slower 
mode.  The  correct  measure  of  net  benefit  will  be  found  by 
determining  the  prices  at  which  the  consumer  would  be  in¬ 
different  between  the  two  modes,  and  for  this  purpose  a  com¬ 
bination  of  the  income  and  price-cost  approaches  is  adopted. 
The  "diversion  price"  Z  is  given  by  Z  =  Y  -  Y^ 

=  W  (  S  -  L  -  tx)  -  ot  -  W  (  S  -  L  -  t2)  -  c2 
=  W  (  t2  -  tx)  +  c2  -  cL 
where  Y-,  and  Y  are  income 

L  is  the  given  level  of  leisure 
W  is  worker’s  wage  rate  per  U.T.  (Unit  time) 

S  is  worker’s  stock  of  time 
t^  and  t2  are  travel  time  by  modes  .1  and  2 
c^  and  c2  are  money  cost  by  modes  1  and  2 
Again,  these  Z-measures  underestimate  the  value  of  time  for 
the  leisure  preferrer  when  hours  of  work  are  fixed,  and  over¬ 
estimate  the  value  for  income  preferrers. 

This  combined  approach  is  an  improvement  over  the 
simple  use  of  one  or  the  other,  since  obviously,  both  income 
and  cost  play  a  role,  at  least  in  determining  "diversion 
prices".  To  see  the  importance  of  including  cost  aspects 
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it  is  worthwhile  to  elaborate  further  on  this  topic.  Net 
benefit  to  one  consumer  of  one  mode  over  another  should  not 
change  just  because  the  cost  to  him  of  a  particular  mode 
changes;  total  benefits  accounted  to  a  particular  mode 
will,  of  course,  change  since  a  price  change  will  cause  an 
alteration  in  the  number  of  people  using  that  mode.  Surely, 
then,  the  price  to  the  consumer  of  a  particular  mode  cannot 
measure  benefits  including  the  value  of  time  savings  unless 
it  is  an  equilibrium  price  determined  in  the  market,  and, 

moreover,  there  is  perfect  price  discrimination  so  that 

I 

each  consumer  is  charged  what  he  is  willing  to  pay.  Since 
transit  fares,  automobile  taxes,  etc.,  are  to  a  large  ex¬ 
tent  arbitrarily  determined,  they  are  not  equilibrium  prices 
The  Chicago  study’s  method  outlined  above  is,  therefore,  an 
incorrect  way  to  value  time  savings.  Barring  other  differ¬ 
ences  in  utility  between  the  modes,  the  Z-value  derived  by 
Moses  and  Williamson  will  show  the  diversion  price,  but  will 
not  be  a  measure  of  the  value  of  time  savings.  What  it  does 
measure  is  the  value  of  time  savings  over  and  above  what  is 
accounted  for  by  what  the  consumer  actually  pays:  what  we 
are  encountering  here  is  the  problem  of  double-counting  bene 
fits,  which  is  properly  left  for  consideration  in  the  next 
chapter.  If  we  had  perfect  price  discrimination,  user 
charges  (the  price  to  the  consumer)  would  equal  total  bene¬ 
fits  including  time  savings  for  the  consumer;  but  given  that 
the  price  is  in  fact  less,  there  are  residual  benefits  to 
be  accounted  for.  It  seems,  then,  we  are  left  with  the  in- 
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come  approach  to  value  time  savings,  and  add  user  charges 
to  the  analysis  to  find  the  "diversion  price",  measured  by 

Z. 

The  preceding  discussion  leaves  a  few  problems,  but 
significant  ones,  barely  touched  upon.  Thus  we  have  come 
down  to  the  income  approach  to  valuing  time  savings,  but  we 
recognize  that  where  hours  of  work  are  not  variable,  the  in¬ 
come  estimate  will  be  inaccurate.  The  analysis  refers,  how¬ 
ever,  only  to  time  savings  in  journeys  to  work;  but  these 
account  for  only  a  small  percentage  of  total  daily  trips — 
the  figure  for  Edmonton  in  1961  was  37.^-^  Howt,  then,  are 
time  savings  on  non-work  trips  valued?  An  indifference  curve 
analysis  such  as  is  the  basis  for  Moses  and  Williamson’s 
study  will  not  do,  since  we  do  not  have  a  trade-off  with 
income.  The  answer  is  that  the  value  can  only  be  arbitrary, 
since  it  depends  on  each  individual’s  unquant ifiable  notion 
of  the  utility  of  time  used  in  leisure,  recreational  and 
social  purposes,  etc.  One  example  of  an  arbitrary  choice 

is  that  used  by  Foster  and  Beesley  which  was  just  under  70/6 

2 

of  the  value  of  working  time. 

This  problem  points  to  the  difficulty  of  assigning 
values  to  the  quality  factors  of  comfort,  convenience,  pri¬ 
vacy,  etc.  which  may  be  highly  significant  as  potential  bene- 

- 

-METS,  op.  clt.,  I,  23. 

2 

Foster  and  Beesley,  op.  cit.,  p.  60.  The  figures 
were  7s. 3d.  per  hour  in  working  time  (average  hourly  income 
of  bus  travellers)  and  5s. Od.  in  non-working  time:  an  ar¬ 
bitrary  but  not  perhaps  unreasonable  estimate. 
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flts  and  as  regards,  therefore,  their  effect  on  "diversion 
prices".  No  attempts  have  been  made  to  estimate  their 
significance  and  it  is  not  obvious  that  such  attempts  would 
be  easy.  Given  that  true  "diversion  prices"  would  have  to 
include  their  influence,  and  on  the  assumption  that  the  in¬ 
come  method  of  evaluating  time  savings  is  correct,  an  ex¬ 
periment  could  be  undertaken  in  which  a  certain  price  change 
is  made.  We  would  then  take  the  actual  diversion  between 
modes  and  see  what  price  change  would  have  been  required 
by  Moses  and  Williamson’s  estimates.  The  difference  between 
the  two  would  provide  a  measure  of  the  net  benefit  of  these 
"quality" factors . 

This  chapter  has  attempted  to  pinpoint  the  nature 
of  the  demand  for  urban  travel,  and  within  the  framework 
described,  to  analyze  consumer  choice  in  urban  transportation. 
It  has  been  suggested  that  such  analysis  is  especially  im¬ 
portant  in  view  of  the  peakperiod  problem  (which  very  few 
writings  on  urban  transportation  discuss  suff iciently )  and 
Its  effects  on  demand..  The  empirical  data  has  shorn  that 
price  differentials  would  have  to  be  very  large  if  many 
users  were  to  be  diverted  from  automobile  to  transit  travel, 
and  the  reasons  why  this  is  so  have  been  suggested  through 
a  discussion  of  the  factors  influencing  consumer  choice. 
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CHAPTER  IV 


THE  OPTIMUM  SOLUTION:  OUTPUT,  PRICE  AND  INVESTMENT  CRITERIA 

This  chapter  is  an  attempt  to  decide  the  "best  criter 
ia  for  investment  in  urban  transportation  facilities.  Sub¬ 
sequent  to  the  discussion  of  the  last  two  chapters,  a  demand 

situation  is  assumed  for  transportation  along  a  particular 

I 

"corridor"  from  a  suburban  area  to  the  Central  Business  Dis¬ 
trict,  and  the  technological  possibilities  are  given,  from 
which  we  may  assume  a  set  of  alternative  projects,  each  with 
its  own  cost  data  for  various  levels  of  output.  Output  is 
measured  in  passengers  per  hour  over  the  "corridor"  length. 
One  or  more  of  the  alternative  projects  will,  alone  or  to¬ 
gether,  satisfy  the  demand  requirement;  but  it  is  desirable 
to  find  the  particular  alternatives  which  represent  the 
best  or  optimum  solution,  given  data  on  consumer  choice  at 
various  prices,  as  well  as  the  costs. 

For  this  purpose,  a  "project"  is  defined  as  the 
smallest  unit  of  production  or  service  amenable  to  economic 
evaluation:  thus  the  addition  of  an  extra  lane  to  an  exis¬ 

ting  freeway  plus  the  associated  extension  of  feeder  and 
distribution  facilities  may  be  worthwhile  analyzing  in  it¬ 
self  from  the  viewpoint  of  providing  extra  automobile  cap¬ 
acity  or  a  special  lane  for  express  buses,  or  as  an  alter- 

-62- 
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native  to  a  rail  transit  facility.  In  the  process  of 
evaluating  a  proposed  facility,  it  is  essential  to  keep  in 
mind  the  possibility  of  building  it  on  a  smaller  or  larger 
scale,  with  part  of  it,  therefore,  potentially  being  re¬ 
placed  by  or  replacing  a  separate  type  of  facility.  For 
the  purposes  of  the  attempt  to  optimize  the  plans  for  a 
certain  type  of  facility  may,  in  fact,  be  composed  of  more 
than  one  project  each  of  which  by  itself  could  perform  a 
complete  transportation  service  of  limited  capacity.  Two 
problems  now  confront  us:,  (a)  what  is  the  optimum  output 
for  any  one  project,  given  cost  curves  and  the  demand  situa¬ 
tion  facing  it;  and  (b)  given  the  optimum  output  for  each 
potential  project,  which  should  be  constructed,  and  which 
ones  in  preference  to  the  others? 

Costs  have  been  discussed  at  some  length  in  Chapter 
II.  In  the  previous  chapter,  the  factors  influencing  con¬ 
sumer  choice  were  considered;  but  the  question  of  estimating 
demand  curves  is  considered  later  in  this  chapter.'  Various 
kinds  of  so-called  ’benefits*  such  as  time  savings  and  com¬ 
fort  and  convenience  factors  were  considered,  and  the  pro¬ 
blems  of  evaluating  these  were  discussed.  The  definition 
of  the  benefit  derived  by  an  individual  is  the  amount  he 
would  be  willing  and  able  to  pay  for  a  good  or  service.  To¬ 
tal  benefit  for  all  individuals  is,  therefore,  the  area 

'^See  infra ,  pp.  77-8 3. 
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T 

under  the  demand  curve.  This  curve  is,  then,  also  a 

curve  of  marginal  benefit.  The  justification  for  this 

measurement  of  benefit  is  that  it  is  the  correct  one  from 

the  point  of  view  of  resource  allocation:  any  subjectively 

thought-of  benefit  which  is  not  reflected  in  willingness 

and  ability  to  pay  is  irrelevant  for  economic  analysis.  If 

the  total  of  accounted  benefits  is  less  than  the  area  under 

the  demand  curve,  some  benefits,  have  not  been  included,  or 

they  have  been  undervalued;  if  it  is  greater,  overvaluation 

or  inclusion  of  non-existent  benefits  is  the  fault.  The 

concept  of  benefit  used  here  is  similar  to  the  Marshallian 

"consumer  surplus",  the  measured  difference  simply  being 

2 

total  cost  to  the  consumer. 

Optimum  Output  Determination 

Optimum  output  determination  for  a  given  project 
with  given  marginal  benefit  and  marginal  cost  schedules 
will  be  at  the  intersection  of  these,  provided  the  cost 
curve  does  not  intersect  the  benefit  curve  from  above.  At 
this  point,  net  benefit  (total  benefit  minus  total  cost) 
is  at  a  maximum.  The  rule  is,  of  course,  similar  to  that 
assumed  to  be  obeyed  by  the  private  firm,  which  equates 
marginal  cost  with  marginal  revenue:  the  difference  is  that 

'^Kuhn,  op.  cit.,  pp.  66-68;  David  M.  Winch,  The 
Economics  of’ Highway  Planning  (Toronto:  University  of  Tor- 
onto  Press,  1963),  pp.  37-43;  Otto  Eckstein,  Water-Re- 
sources  Development  (Cambridge:  Harvard  University  Press, 

19 58).  P.  48.“' 

^Alfred  Marshall,  Principles  of  Economics  (8th  ed., 
London:  Macmillan  and  Co .  Ltd . ,'  1964 ) ,  pp .  103-10  • 
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marginal  benefit  coincides  with  the  downward- sloping  demand 
curve,  since  benefit  does  not  depeiid  on  price.  Marginal 
revenue  is  irrelevant  to  the  maximization  of  community  bene¬ 
fit:  intra-marginal  travellers  will  receive  net  benefit  in 

excess  of  the  price  they  have  to  pay. 

Decreasing  cost  situations  may  arise  involving  an 
excess  of  costs  over  revenues  at  the  optimum  output,  as  is 
seen  in  figure  4. 


Fig.  4 

Here  OA  is  the  optimum  output  where  marginal  cost  (MG) 
equals  marginal  benefit  (MB),  but  losses  of  BKEG  are  being 
made.  Since  net  benefit  ( OABD  minus  OAKE)  is  at  a  maximum, 
a  subsidy  is  required  unless  sufficient  price  discrimination 
is  possible  to  eliminate  the  deficit.  Average  cost  pricing 
as  an  alternative  would  mean  a  below- optimum  output  and  a 


higher  price 
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Several  writers  on  welfare  economics  have  suggested. 

that  optimization  according  to  the  marginal  rule  of  equality 

between  marginal  cost  and  marginal  benefit  is,  however, 

incorrect  in  an  economy  which  includes  any  degree  of  market 

Imperfection.  This  view  has  been  synthesized  as  the  "General 

Theory  of  Second  Best",  which  states  that: 

if  there  is  introduced  into  a  general  equilibrium  sys¬ 
tem  a  constraint  which  prevents  the  attainment  of  one 
of  the  Paretian  conditions,  the  other  Paretian  con¬ 
ditions,  although  still  attainable,  are,  in  general, 
no  longer  desirable.  In  other  words,  given  that  one 
of  the  Paretian  optimum  conditions  cannot  be  fulfilled, 
then  an  optimum  situation  can  be  achieved  only  by  de¬ 
parting  from  all  the  other  Paretian  condi tions . 

It  is,  moreover,  concluded  by  the  theorists  that  there  is 

no  a  priori  way  to  judge  between  various  situations  in  which 

none  of  the  Paretian  optimum  conditions  are  fulfilled;  there 

are  unlikely  to  be  even  any  simple  conditions  sufficient 

for  an  increase  in  welfare  when  maximization  is  impossible, 

and  there  are  likely  to  be  few  real  situations  where  estimates 

of  the  required  adjustments  of  quantities  involved  can  be 

made 

Winch  argues  that  in  the  case  of  his  analysis  of 

highways,  the  items  which  make  up  marginal  costs  (maintenance 

of  highways,  vehicle  operating  costs,  etc.)  are  in  fact 

3 

calculated  at  market  price  and  not  opportunity  cost:v  these 


^■R.  G.  Lipsey  and  Kelvin  Lancaster,  "The  General  Theo¬ 
ry  of  Second  Best,"  Review  of  Economic  Studies,  XXIV  (No.  63, 
19 56-57),  11.  For  a  statement  of  the  Paretian  optimum  con¬ 
ditions,  see  I.K.D.  Little,  A  Critique  of  Welfare  Economics 
(2d  ed.;  Oxford:  The  Clarendon  Press,  1957 )  >  PP •  129-5-1- • 

2 

Lipsey  and  Lancaster,  00 .  clt . ,  pp.  12,  17  and  Jl. 

3 

■'Winch,  op.  clt.,  pp.  156-57. 
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items  are,  for  this  reason,  priced  higher  than  at  marginal 
cost,  and  if  we  equate  demand  with  the  cost  of  a  person 
trip  based  on  these  prices,  we  are  in  fact  choosing  an  out¬ 
put  where  price  is  above  the  true  marginal  cost  of  a  trip; 
and  the  divergence  will  be  similar  to  that  found  in  other 
sectors.  He  argues  that  the  maintenance  of  such  a  position 
is  desirable  because  if  resources  were  used  in  transportation 
where  marginal  benefit  was  just  . equal  to  marginal  cost,  they 
might  be  better  reallocated  to  a  use  where  there  was  a  re¬ 
turn  of  benefit  in  excess  of  cost.  Lipsey  and  Lancaster 
do  not,  however,  advocate  this  rule.^  They  argue  that  "it 
is  not  true  that  a  situation  in  which  all  departures  from 
the  optimum  conditions  are  of  the  same  direction  and  mag¬ 
nitude  is  necessarily  superior  to  one  in  which  the  devia¬ 
tions  vary  in  direction  and  magnitude."  They  take,  among 
others,  the  example  of  a  nationalized  industry  in  an  economy 
with  monopoly.  This  industry  is  able  to  behave  competitively 
or  monopolistically:  if  it  chooses  the  former  policy  it 
might  produce  more  of  its  product  than  an  optimum  would  re¬ 
quire  (i.e.,  resources  could  shift  to  a  use  yielding  greater 
marginal  net  benefit),  whereas  the  latter  policy  "will  in¬ 
crease  the  excess  of  the  remaining  goods  relative  to  both 
its  own  product  and  that  of  the  monopolised  industry"  (i.e., 
resources  might  yield  greater  marginal  net  benefit  if  moved 
from  competitive  industries  to  the  nationalized  one  or  other 


'Vlipsey  and  Lancaster,  op .  cit . ,  p.  12. 
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monoplised  ones).  The  problem,  then,  seems  to  be  that  in 
the  absence  of  complete  knowledge  there  is  no  way  of  knowing 
whether  total  net  benefit  over  the  whole  economy  will  be 
Increased  or  decreased  when  one  firm’s  output  is  altered. 

It  is  not,  therefore,  satisfactory  to  suggest,  as  Winch 
seems  to  do,  that  marginal  net  benefit  should  be  the  same 
in  all  activities,  since  total  net  benefit  can  always  be 
raised  by  increasing  output  when  somewhere  marginal  benefit 
is  above  marginal  cost. 

Using  various  arguments,  however,  several  other 
writers,  while  recognizing  the  difficulty  of  finding  a 
second-best  solution,  attempt  toia.tiona.lize  the  marginal 
benefit  or  price  equals  marginal  cost  criterion.  McKean 
concludes  that  "if  a  frequency  distribution  of  the  possibil¬ 
ities  is  imagined,  it  seems  likely  that  increased  production 
where  price  exceeds  cost  would  usually  be  a  step  towards 

efficiency,  even  though  the  other  Paretian  conditions  are 

2 

only  partially  fulfilled."  Krutilla  says  of  the  economist: 

While  he  must  recognize  the  prevalence  of  departures 
from  ideal  conditions,  he  should  not  feed  such  depar¬ 
tures  systematically  back  into  the  optimizing  calcula¬ 
tions.  For,  in  contrast  to  the  static  situation  to 
which  the  negative  theorem  of  Lipsey  and  Lancaster 
applies,  such  feedbacks  can  have  a  cumulative  effect, 
resulting  in  progressive  divergences  from  conditions 
of  optimum  production  and  exchange. 


•^Ibid. ,  pp.  21-25 . 

^McKean,  op.  clt.,  pp.  130-31. 

^John  V.  Krutilla,  "Welfare  Aspects  of  Benefit- 
Cost  Analysis",  Journal  of  Political  Economy ,  LXIX  (June, 

1961),  233. 
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The  opinion  of  Meyer  et  al .  is  that  the  United  States  econ¬ 
omy  does  not  depart  markedly  from  competitive  conditions, 

and  that  any  form  of  monopolistic  or  oligopolistic  price- 

1 

setting  is  difficult  to  sustain  in  the  long-run. 

Eckstein,  however,  does  not  agree  that  projects 

should  always  be  pushed  to  the  point  of  equality  between 

marginal  benefit  and  marginal  cost  if  there  is  a  supply  of 

alternative  project  opportunities  which  will  yield  positive 
2 

net  benefit.  We  have  argued,  however,  that  projects  should 
be  pushed  to  the  limit,  and  his  objection  is  removed  if  all 
projects  are  so  extended.  The  need,  then,  is  not  subopti¬ 
mization  because  other  projects  are  producing  below- optimum 
outputs,  but,  rather,  the  opposite:  the  setting  of  optimum 
outputs  for  these  other  projects.  Eckstein  makes  this  point, 
however,  in  connection  with  the  choice  among  investment 
priorities,  and  it  is  referred  to  again. 

Project  Evaluation 

Once  the  optimum  output  for  any  one  project  has  been 
determined,  a  similar  problem  arises  when  two  or  more  pro¬ 
jects  are  compared  to  decide  optimum  courses  of  investment. 
In  theory,  investment  should  be  carried  on  as  long  as  the 
net  benefit  (total  benefits  minus  total  costs  for  the  pro¬ 
ject’s  life)  on  the  marginal  project  is  non-negative .  In 
practice,  there  are  so  many  potentially  profitable  projects 

Hieyer  et  al . ,  op.  cit.,  p.  33&. 

2 

Eckstein,  op .  cit . ,  pp.  66-67. 
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which  are  feasible  that  some  criterion  for  deciding  invest¬ 
ment  priorities  is  required. 

There  is,  however,  some  controversy  about  whether 
projects  should  be  ranked  according  to  the  difference  be¬ 
tween  total  benefits  and  total  costs  or  according  to  the 
ratio  of  total  benefits  to  total  costs.  For  instance,  McKean 
says,  ’’The  benefit-cost  ratio  is  simply  the  wrong  test,""1' 
while  Sewell  et  al.  take  the  view  that  "benefit-cost  ratios 
.  .  .  are  the  principal  criteria  for  selecting  economic  al- 

p 

tematives."  Which,  then,  is  the  correct  criterion?  The 

ratio  of  benefits  to  costs  has  the  disadvantage  that  it  is 

not  consistent:  if  some  items  are  shifted  from,  say,  the 

benefit  side  to  the  cost  side,  the  numerical  value  of  the 

ratio  changes,  whereas  the  numerical  difference  between  bene- 

3 

fits  and  costs  is  quite  unaffected.  Moreover,  to  assess 
the  "profitability"  in  benefit  terms,  we  require  some  know¬ 
ledge  of  the  project’s  potential  contribution  to  net  worth: 
but,  for  instance,  a  project  with  high  gross  benefits  and 
high  operating  costs  will  be  at  a  relative  disadvantage  if 
ranked  according  to  its  benefit-cost  ratio,  whatever  this 
contribution.  In  fact,  Sewell  et  al.  almost  recognise  this 
by  admitting  that  there  is  something  to  be  gained  by  maxi- 

'  McKean,  op.  cit.,  p.  109. 

2W.R.D.  Sewell  et  al. ,  Guide  to  Benefit-Cost  Analy¬ 
sis  (Ottawa:  The  Queen’s  Printer,  1 9 6 5 ) ,  p.  12. 

■^For  example,  some  benefits  may  be  ’netted  out’  on 
the  cost  side. 

(120+40)  /  (100+20)  =  1.33 
(120+40-20)  /  100  =  1.4 

.120/(100-40+20)  =  1.5 

But  benefits  minus  costs  always  =  40 
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mlsing  net  benefits.' 

Ranking  according  to  total  net  benefits  is,  then,  an 
unambiguous  criterion,  and  an  improvement  over  the  benefit- 
cost  ratio  criterion,  but  it  is  still  not  perfect.  The 
fault  lies  in  the  possibility  that  resources  used  at  the 
margin  in  one  project  close  to  the  point  of  equality  be¬ 
tween  marginal  benefit  and  marginal  cost  will  yield  greater 
net  benefit  in  intramarginal  uses,  if  such  opportunities 
exist.  It  has  already  been  argued  that  perfect  knowledge 
of  all  other  opportunities  is  therefore  required;  but  that 
in  any  case  marginal  equality  should  be  the  rule  for  all 
projects,  thus  removing  the  need  for  perfect  knowledge.  In 
practice,  however,  some  sort  of  secondbest  rule  is  necessary, 
and  Eckstein’s  point  suggests  the  necessity  of  defining 
projects  carefully,  as  the  smallest  unit  of  production  cap¬ 
able  of  evaluation:  thus  we  ought  to  consider  different 
"mixes”  of  these  projects  when  planning  groups  of  projects 
in  the  wider  sense  of  "facilities”  or  "programmes".  It  is 
not,  for  instance,  satisfactory  to  see  that  benefits  minus 
costs  for  projects  A  and  3  are  better  than  for  G;  it  may  be 
possible  to  redefine  a  new  "mix"  for  which  projects  a’  and 
b*  show  a  higher  overall  net  benefit  than  do  A  and  B.  This 
point  is  particularly  important  where  projects  are  wholly 
or  partly  mutually  exclusive,  since  the  demand  conditions 

‘Sewell  et  al . ,  loc,  clt. 

Supra,  p.  68. 
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fbr'jone  project  will  depend  much  more  on  which  other  pro¬ 
jects  are  to  be  built.  An  example  might  be:  A  =  six-lane 
freeway,  B  =  two- track  subway,  a*  =  four  lane  freeway,  b* 

=  four- track  subway. 

We  are  still,  however,  confronted  by  second-best 
problems,  when  we  have  private  enterprise  characterized  by 
a  degree  of  monopoly  which  judges  projects  on  the  basis  of 
the  excess  of  revenues  over  costs.  Since  without  perfect 
price  discrimination  revenues  will  be  less  than  benefits, 
there  will  tend  to  be  a  bias  in  favour  of  public  enterprise 
projects  based  on  the  benefit  criterion.  Winch  argues 
against  this  that  certain  items  of  cost  (e.g.,  community 
costs  or  '’technical  spillovers” )  which  are  not  included  in 
private  enterprise  calculations  help  to  redress  the  balance.' 
Moreover,  the  arguments  presented  above  in  connection  with 
optimum  output  determination  also  apply. 

Some  Special  Problems 

Time  and  Interest. — We  cannot  simply  maximize  the 
sum  of  all  benefits  minus  all  costs  because  different  sig¬ 
nificance  is  attached  to  the  amounts  as  they  occur  in 
different  time-periods.  Costs  and  benefits  occurring  in 
future  years,  then,  have  to  be  discounted  to  convert  them 
into  present  values,  since  our  criterion  requires  the  maxi¬ 
mization  of  total  benefits  minus  total  costs  for  the  life  of 

Winch,  op .  cit.,  p.  1 55.  For  a  discussion  of 
"technical  spillovers",  see  Infra ,  pp.  7^-77* 
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the  project.  Unfortunately ,  however,  there  is  no  single 
Interest  rate  in  operation  in  the  economy  at  any  one  period 
of  time,  because  of  imperfect  capital  markets,  different 
lengths  of  loan-period  and  levels  of  risk.  What  interest 
rate  should,  then,  be  used  and  what  should  be  the  planning 
period?  The  choice  of  interest  rate  is  an  important  ques¬ 
tion,  because  given  similar  benefit  streams  lower  interest 
rates  will  tend  to  be  more  favourable  to  capital  intensive 
projects:  a  low  interest  rate  means  that  future  costs  count 

quite  substantially  in  present  value  terms,  while  a  high 
interest  rate  means  they  count  relatively  less,  and  the 
amount  of  initial  outlay  is  more  important. 

Eckstein  rejects  the  government  bond  rate  (which 
has  actually  been  used  in  water-resource  analysis)  because 
much  government  activity  is  financed  by  taxation,  and  house- 
holds  and  businesses  will  impose  some  sort  of  opportunity 
cost  on  funds  raised  in  this  way.  He  suggests  that  the  bond 
rate  does  not  reflect  a  proper  level  of  risk,  since  it  is 
determined  by  lender*  s  risk  which  in  this  case  is  low;  this 
point  may  not,  however,  apply  to  all  bond  rates.  He  studied 
the  incidence  of  marginal  taxation  oninvestment  and  consump¬ 
tion:  his  empirically  arrived  at  social  cost  of  capital  was 

in  the  range  5%  to  6%,  A  London  study  made  separate  cal- 

3 

culations  for  4$,  6f0  and  Q%,  while  the  Chicago  Area  Trans- 

'^Eckstein,  op.  cit.,  p.  94. 

2 Ibid. 

3 

Foster  and  Beesley,  op.  cit.,  p.  55* 
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1 

portatlon  Study  uses  10$  to  include  a  factor  for  risk:.  The 
inclusion  of  a  risk:  factor  would  not,  however,  seem  desirable 
in  the  case  of  urban  transportation,  provided  careful  pro¬ 
ject  analysis  is  implemented  with  reliable  data.  The  danger 
in  excluding  it  is  one  of  overinvestment  if  the  interest  rate 
is  too  low;  but  it  is  no  more  desirable  at  the  other  extreme 
where  a  high  interest  rate  will  encourage  underinvestment , 
and  perhaps  construction  of  inferior  quality.  The  interest 
rate  that  we  are  looking  for  will  be  the  best  approximation 

of  the  long-term  average  borrowing  rate  in  domestic  capital 

2 

markets  with  short-term  fluctuations  removed. 

The  planning  period  should  be  the  physical  life  of 

the  project,  or  its  economically  useful  life,  if  that  is 

shorter.  About  fifty  years  is  the  maximum  that  has  been 

used;  considerably  shorter  periods,  such  as  twenty-five 

3 

years  for  proposed  Chicago  freeways  have  been  used.  Meyer, 
et  al . ,  used  thirty-five  years  for  freeways  and  fifty  for 
rail  transit.^  Fifty  years  was  used  for  the  London  subway 
proposal . ^ 

’’Spillovers"  or  External  Effects. — These  may  be 
divided  into  two  types:  firstly,  technical  spillovers  which 

^CATS,  op.  cit.,  Ill,  18. 

2Winch,  op.  cit.,  p.  53- 

^CATS,  op.  cit.,  Ill,  18. 

4  i 

Meyer  et  al . ,  op .  cit . ,  p.  204. 

^Foster  and  Beesley,  op.  cit.,  p.  55» 
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affect  the  physical  outputs  of  outside  programmes  which  can 
be  obtained  from  certain  physical  inputs,  and,  secondly, 
pecuniary  spillovers  which  are  occasioned  by  changes  in 
prices.  An  example  of  the  former  is  the  relieving  of  con¬ 
gestion  on  an  existing  highway  through  the  construction  of 
a  new  one:  not  only  must  the  time  savings  of  users  who 
divert  to  the  new  facility  be  calculated,  but  those  accruing 
to  non-diverters  must  also  be  added  up.  Pecuniary  spill¬ 
overs  include  bidding  up  factor  prices,  cutting  down  prices 
of  substitute  products,  raising  prices  of  complementary 
products,  and  lowering  the  price  of  the  output.  McKean* s 
view  is  that  since  these  reflect  improvements  in  the  alloca¬ 
tion  of  resources,  they  should  not  be  counted.'^  Strictly 
speaking,  however,  this  result  depends  on  the  existence  of 

equilibrium  prices  in  the  economy:  thus  if  a  government 

/ 

enters  the  market  for  a  particular  resource  which  is  suffi¬ 
ciently  scarce  that  this  action  would  cause  the  price  to 
rise,  but  through  direct  controls  or  legislative  action  the 
government  does  not  have  to  pay  the  new  equilibrium  price, 
then  the  cost  to  the  economy  of  the  government’s  using  the 
resource  will  not  be  the  price  actually  paid.  McKean  also 
argues  that  the  incomes  of  resources  which  would  otherwise 
be  unemployed  should  be  counted  as  a  benefit:  such  benefits 
are  known  as  ’’secondary'*  benefits,  to  be  calculated  as  the 
net  incomes  of  productive  factors  with  the  project  fiinus 

^McKean,  op.  cit.,  pp.  136-43. 
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1 

their  net  incomes  without  the  project. 

It  may  be  objected  that  the  neglect  of  pecuniary 
spillovers  is  unreasonable  where  a  proposed  new  project  is 
to  be  partly  a  replacement  for  an  existing  one  if  the  exis¬ 
ting  one  has  some  years  of  useful  life  left:  should  not  the 
expected  benefits  foregone  by  the  existing  project  be  counted 
as  costs  against  the  new  one?  McKean  argues  quite  strongly 
against  this  on  the  basis  that  the  criteria  for  resource 
allocation  should  be  no  different  in  the  public  sector  from 

the  private  sector,  where  private  firms  do  not  count  declines 

2 

in  their  rivals1 2  revenues  as  costs.  The  market  prevents 
the  construction  of  unnecessary  duplicate  facilities  since 
entrepreneur s  are  assumed  to  make  a  "realistic  appraisal  of 
the  competition  they  face  and  the  value  of  the  contemplated 
output.”  Thus  the  benefits  of  the  new  project  will  be  com¬ 
puted  on  the  basis  of  the  expected  demand  situation  given  the 
existence  of  the  old  one,  and  insofar  as  benefits  on  the 
old  project  are  reduced,  this  will  reflect  a  desirable  trans¬ 
fer  of  resources  away  from  it.  An  important  proviso,  how¬ 
ever,  is  one  not  always  met  in  practice,  particularly  in 
urban  transportation:  this  is  that  competition  through  price 
should  be  possible.  For  instance,  an  old  project  whose 
capital  costs  can  be  regarded  as  sunk  will  have  relatively 
low  average  cost,  and  should  be  able  to  set  a  price  on  tnat 

1Ibid. 

2Ibid. 
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basls.  This  point  suggests  that  projects  consisting  of  the 
continuation,  and,  even,  improvement,  of  existing  facilities 
may  be  well  worth  considering  as  an  alternative  to  new  pro¬ 
ject  proposals.  For  instance,  with  capital  costs  long  ago 
amortized,  the  policy  of  maintaining  an  old  rail  transit 
line  nay  show  higher  net  benefit  than  a  proposed  roadway, 
while  the  latter  would  be  considered  superior  to  the  buildin 
of  a  new  rail  transit  facility. 

The  Evaluation  of  Data 

I 

In  discussing  the  finding  of  the  optimum  solution, 
we  have  not  considered  the  estimation  of  demand  and  the 
evaluation  of  benefits,  except  insofar  as  the  latter  is  con¬ 
sidered  in  Chapter  III.  The  evaluation  of  costs  has  been 
subject  to  fairly  detailed  discussion  in  Chapter  II. 

In  Chapter  III,  total  benefit  was  defined  as  the 
area  under  the  demand  curve  up  to  the  actual  level  of  out¬ 
put,  and  it  was  stated  that  enumerated  ” items"  of  benefit, 

such  as  the  value  of  time  savings  ought  to  be  equal  to  this 

2 

area.  Kuhn  suggests  a  list  of  project  ’’gains"  as  follows: 
user  receipts  (fares,  fuel  tax,  etc.),  concession  and  ad¬ 
vertising  revenues,  savings  in  door-to-door  transit  time, 
and  quality  of  service  factors  (such  as  comfort  and  con¬ 
venience).  Also  to  be  included  for  highway  projects  Is  an 

‘Meyer  et  al . ,  on.  cit.,  p.  303  says  that  this  sit¬ 
uation  seems  to  occur  In  the  older,  high  population  density 
cities  of  the  United  States. 

2 

Kuhn,  op.  cit.,  pp.  3^-35* 
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item  consisting  of  hypothetical  motor  vehicle  use  charges 

to  "balance  vehicle  fixed  and  operating  costs:  this  we  may 

include  under  "user  receipts”.  Would,  then,  the  total 

value  of  these  benefits  in  dollar  terms  add  up  to  the  area 

OABD  under  the  demand  curve,  as  in  Figure  5? 

D 

i 

costs 
revenues 
benefits 
price 


Fig.  5 


User -receipts  will  amount  to  a  portion  (OAEG)  of  that  area: 
we  are  therefore  left  with  GBD.  It  would  be  wrong  to  sug¬ 
gest,  however,  that  this  is  equal  to  the  sum  of  the  other 
items  of  benefit,  since  to  some  extent  user  receipts  will 
reflect  what  people  are  prepared  to  pay  for  the  benefits  of 
time- savings ,  comfort,  etc.  The  simple  adding  of  these 
benefits  to  user  receipts  would,  then,  make  the  mistake  of 
double- counting.  Gan  we,  then,  add  up  the  enumerated  bene¬ 
fits  apart  from  user  receipts  to  get  the  result?  The  answer 
is  that  it  is  unlikely  that  these  ” items”  account  for  the 
total  area  under  the  demand  curve.  After  all,  time-savings 
(as  indeed  is  demand )  are  only  relative  to  the  existing  sit- 
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iiation;  any  form  of  transportation,  however  slow,  yields 
benefit  as  long  as  some  people  are  willing  to  pay  for  the 
service. On  the  other  hand  several  studies  suggest  that 
time-savings  account  for  an  extremely  high  proportion  of 
benefit:  thus  Winfrey  concludes  that  time  and  comfort  ben¬ 

efits  account  for  84.4$  and  11,5$  (total  95.9$)  of  highway 
benefits  respectively.  Foster  and  Beesley,  on  the  other 
hand,  estimate  that  for  existing  traffic  both  diverted  and 

not  diverted  to  the  Victoria  Line  time  savings  and  comfort 

> 

and  convenience  improvements  account  for  about  four-fifths 

of  total  benefits.  For  generated  traffic,  time  savings 

account  for  a  Little  less  than  one-fifth,  the  other  items 

being  fare  savings  to  travellers  and  additional  revenue 

3 

to  London  Transport, 

Given  accurate  and  complete  descriptions  of  all  bene¬ 
fit  "items”,  and  accepted  techniques  of  evaluating  them, 
the  data  for  a  sample  cross-section  of  users  could,  perhaps, 
be  used  for  the  estimation  of  the  demand  curve.  Different 
benefit  valuations  for  different  groups  of  users  according 
to  income  levels,  spending  patterns,  etc,,  would  be  necessary; 
but  it  seems  reasonable  to  suppose  that  a  rough  approxima- 

Winch,  od .  cit,,  p.  12,  makes  a  distinction  between 
"utility”  and  );beneflt”.  The  aim  in  this  thesis  is  to  sug¬ 
gest  that  if  these  do  not  coincide,  then  our  conception  of 
"benefit”  is  incorrect, 

2These  results  are  quoted  in  Kuhn,  op.  cit.,  p,  84. 

-^Foster  and  Beesley,  op .  cit . ,  Table  1,  p.  49,  and 
pp.  59-78. 
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tion  of  the  demand,  curve  could  be  worked  out,  given  assump¬ 
tions  about  the  influence  of  alternative  projects. 

The  foregoing  method  would  perhaps  be  most  useful 

as  a  check  on  the  more  straightforward  method  of  estimating 

demand  correctly.  Such  techniques  as  origin-and-destination 

surveys  together  with  taking  account  of  relative  cost  to 

the  consumer,  travel  speeds,  etc,,  of  the  various  projects, 

could  be  used.  The  possible  alternatives,  both  by  mode  and 

by  route,  existing  and  proposed,  need  to  be  considered  care- 

> 

fully.'  The  difference  in  the  two  methods  is  mainly  a  matter 
of  the  first  emphasizing  the  effect  of  income  through  the 
evaluation  of  time  or  comfort,  while  the  second  emphasizes 
the  role  of  prices.  Both  will  depend  to  a  large  extent  on 
origin-destination  type  traffic  surveys.  Perhaps,  in  fact, 
the  methods  are  complementary?  Certainly  in  both  cases 
heavy  reliance  has  to  be  placed  on  experience  dram  from 
existing  projects. 

The  task  of  finding  the  demand  curve  may  seem  an 
extremely  difficult  one;  but  perhaps  some  encouragement 
may  be  derived  from  a  consideration  of  what,  ih  practice,  the 
demand  curve  probably  looks  like.  In  Chapter  III  it  was 
concluded  that  the  demand  for  urban  transportation  is  very 
Inelastic  with  regard  to  price,  and  consumer  choice  among 
the  modes  is  affected  by  price  much  less  than  by  such 
factors  as  time  and  comfort.  Consider  Figure  6. 

2 Winch,  op.  cit.,  pp.  93-95* 
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In  this  situation,  output  optimization  becomes  much 
less  of  a  problem  than  at  first  it  seemed,  since  it  is  clear 
that  whatever  the  position  of  the  cost  curve,  the  optimum 
output  varies  but  little,  and  it  is  presumably  fairly  easy 
to  get  a  good  approximation.  Is  such  an  extreme  lack  of 
responsiveness  to  price  changes  always  likely  to  be  the 
case?  The  most  that  can  be  said  is  that  the  more  essential 
the  service,  the  fewer  the  substitutes  especially  those  with 
similar  comfort  and  speed  standards,  the  more  inelastic  the 
demand  curve  will  be,  and  the  more  near  demand  will  be  to 
an  absolute  ’’requirement”  regardless  of  price. 

The  great  danger  now,  however,  is  that  fantastic 
estimates  of  total  benefit  are  possible:  in  Figure  6  the 
upper  end  of  the  demand  curve,  and  thus  the  area  under  it, 
stretches  away  to  infinity.  One  is  forced  to  argue  that 
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presumably  there  comes  a  time  when  the  upper  end  of  the  de¬ 
mand  curve  becomes  more  elastic,  turning  along  a  course 
such  as  that  from  F  to  E.  To  suggest  this,  however,  still 
does  not  dispose  of  the  argument  that  the  more  . inelastic 
the  demand  is, 

the  greater  will  be  the  potential  consumer  surplus. 

In  highway  terms:  the  more  desperate  the  existing  road 
situation  is,  the  more  congested,  accident-ridden  and 
obsolete  the  highway  plant  is,  and  the  more  monopol¬ 
istic  the  highway  technology  is,  the  greater  the  poten¬ 
tial  gains  from  an  improvement  project  will  be  .  .  . 
Conversely,  ...  as  more  and  more  existing  and  potential 
highways,  subway,  railway  or  air  travel  choices  are 
introduced,  the  more  elastic  (horizonta,! )  the  demand 
curve  configuration  will  become,  and  potential  consumer 
surplus  will  shrink;  .  .  .  the  range  of  alternatives 
offered  now  or  over  the  years  may  be  completely  con¬ 
trolled  by  the  decision  makers  themselves.  As  monopol¬ 
istic  project  promoters,  they  are,  in  effect  in  a  posi¬ 
tion  to  inflate-^ or  shrink  potential  consumer  surplus 
almost  at  will. 

There  is,  therefore,  a  danger  that  benefits  computed 
for  the  later  years  of  a  project’s  life  may  be  partly 
fictitious.* 2  Time-savings,  accident  reductions,  etc,,  are 
most  easily  computed  for  the  first  year  or  few  years  of  the 
project’s  life,  and  if  the  temptation  to  simply  aggregate 
first  year  calculations  over  the  whole  life  of  the  project 
is  not  resisted,  excessive  benefit  estimates  may  be  obtained. 
This  is  so  because  benefits  represent  an  improvement  over 
the  given  existing  situation  and  depend  on  it.  This  point 
is  easily  seen  as  being  really  another  w ay  of  saying  that 


•^Kuhn ,  on.  cit,,  p.  81. 

2 Ibid,,  pp.  81-34. 
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the  demand  curve  for  a  proposed;  project  depends  on  the  de¬ 
mand  conditions  for  existing  projects,  and  their  pricing 
policies.  Since,  therefore,  current  conditions  are  not 
static  for  the  .life  of  the  project,  benefits  computed  for 
one  year  do  not  necessarily  hold  in  future  years. 

Some  Questions  of  Pricing 

In  the  foregoing  discussion  and  diagrams  concerning 
the  optimum  solution  for  the  level  of  output  of  any  particu¬ 
lar  project,  it  ha.s  been  implicitly  suggested  that  the  price 
charged  w  l/ll,  of  course,  be  that  determined  by  the  inter- 
section  of  margina.l  benefit  and  marginal  cost  schedules. 

Since  output  is  measured  as  the  flow  of  passengers  per  hour 
over  the  given  length,  the  price  charged  is  the  total  cost 
to  the  consumer  of  one  trip  during  the  specified  period  for 
the  whole  trip  length  of  the  facility  from  feeder  to  distri¬ 
bution.  In  the  case  of  a  transit  facility,  the  price  is 
simply  the  fare  changed,  while  automobile  transportation 
involves  several  items  in  the  pricing  structures  these 
include  not  only  the  various  types  of  highway  taxation,  but 
also  the  costs  of  operating  the  automobile,  which  have  been 
described  in  Chapter  II  and  worked  out  on  a  per  vehicle-mile 
basis. License  fees  account  for  a  very  minor  part  of  hign- 
way  taxation  and  may  virtually  be  disregarded;  the  more 

Surra ,  p.  19  .  Also  see  supra,  p.  22  :  if  the^cost 
of  vehicle  operation  is  included  in  the  cost  analysis  (i.e., 
analysis,  therefore,  is  of  the  whole  output  " transportation  , 
not  just  the  highway),  then  we  need  hypothetical  motor  ve¬ 
hicle  use  charges  in  the  price  to  balance  these  costs. 
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important  fuel  tax  is  variable  with  mileage  travelled,  and 
will  account  for  the  difference  between  automobile  operating 
costs  and  the  "price"  charged.  Since  vehicle  operating 
costs  and  taxation  are,  however,  the  same  for  every  road 
(given  freedom  from  congestion),  these  items  cannot  be  re¬ 
lied  upon  entirely  if  differential  prices  for  different 
highways  are  to  be  charged.  In  such  cases,  tolls  are  re¬ 
quired. 

In  Chapter  II  it  was  suggested  that  urban  transpor¬ 
tation  facilities,  particularly  mass  transit,  are  character¬ 
ized  by  decreasing  average  costs  per  unit  of  capacity  up  to 
quite  high  levels  thereof;  on  the  other  hand,  the  costs  of 
moving  high  pea.k-hour  passenger  flows  are  relatively  high 
because  the  incremental  costs  of  extra  capacity  are  spread 
over  a  smaller  number  of  users.  There  are,  then,  two  kinds 
of  time-period  involved:  the  hourly  period  for  which  output 
is  measured,  and  the  period  (e.g.,  a  year)  over  which  the 
fixed  costs  of  track  or  roadway  construction  and  vehicles  or 
rolling  stock  are  spread.  The  average  cost  schedule  for  the 
provision  of  capacity  required  per  passenger  shifts  up  or 
down,  therefore,  according  to  whether  costs  are  spread  over 
use  for  twenty-four  hours  per  day,  every  day  of  the  year,  or 

for  only  four  hours  per  working  day.  In  this  simple  case, 

then,  where  dif f erentiation  is  made  between  "peak"  and  "off- 
peak"  periods,  two  cost  curves  will  be  shown,  the  one  spread 
ing  costs  over  the  whole  year  (including  peax  hours),  and  tn 

other  for  the  total  number  of  peak-hours  only  in  the  year. 
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The  case  is  illustrated  in  Figure  7. 


•  Fig.  7 

In  Figure  7,  OA  passengers  will  be  the  optimum  flow  at  a 
price  OK,  while.  OB  will  flow  during  peak  hours  at  price  ON; 

In  both  cases,  optimum  traffic  volume  is  attained,  and  peak- 
hour  -travellers  pay  the  incremental  costs  of  providing  cap¬ 
acity  which  is  idle  for  the  rest  of  the  day:  they  do  so 
even  though  (as  in  this  diagram)  unit  costs  for  a  particular 
volume  of  traffic  are  declining  as  that  volume  increases.  If 
no  differential  pricing  was  adopted — say  price  was  set  at 
OP — then  OE  passengers  would  flow  during  off-peak  hours  (a 
below-optimum  number),  while  a  greater- than- optimum  number 
(OF)  would  flow  at  peak-periods.  As  a  matter  of  practical 
policy,  the  foregoing  argument  suggests  that  transit  fares 
and  road  taxes  may  well  be  too  low  at  rush  hours  and  too 
high  at  other  times.  Transit  capacity  in  particular  is 
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occasioned  primarily  by  the  needs  of  peak-hour  travellers, 
and  there  is  probably  at  least  a  good  case  for  cutting  off- 
peak  transit  fares,  and  perhaps  raising  some  in  peak  hours. 

The  foregoing  discussion  has  assumed  that  optimum 
capacity  and  prices  are  in  existence,  so  that  no  congestion 
occurs.  The  question  of  congestion  tolls  or  taxes  to  regu¬ 
late  the  use  of  a  given  amount  of  capacity  has  been  respon¬ 
sible  for  quite  a  bit  of  discussion,  however,  in  the  liter¬ 
ature.  The  rationale  for- the  congestion  tax  is  that  vehicle 
congestion'  on  highways  causes  a  rise  in  vehicle  operating 

I 

costs,  and  in  the  length  of  time  taken  on  a  trip:  moreover 
users  "impose"  these  additional  costs  not  only  on  themselves, 
but  on  other  users.  Marginal  cost  is  above  marginal  benefit, 
and  it  is,  therefore,  considered  desirable  to  tax  off  the 
road  those  who  do  not  value  the  trip  more  than  the  marginal 
social  cost  of  it,  leaving  them  to  choose  an  alternative 
route,  time  or  destination,  or  to  cancel  the  trip.  The 
question  is  always  discussed  with  reference  to  highways, 
but  it  does  seem  to  apply  to  transit  faciliti-es:  personal 
experience  has  demonstrated  that  on  high  density  systems, 
such  as  the  London  Underground,  even  though  costs  per  pas¬ 
senger  trip  are  reduced  by  load  factor  increases,  discomfort 
rises,  and  travel  times  are  lengthened  by  a  person’s  inaoility 
necessarily  to  board  the  first  or  even  second  train  because 
of  crowding.  Since,  however,  the  literature  concentrates 
on  automobile  travel,  this  will  be  the  cane  considered  here; 
but  it  should  be  borne  in  mind  that  the  principles  apply  to 
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all  kinds  of  urban  transportation. 

Congestion  occurs  when  the  price  charged  is  below 
the  optimum  given  the  existing  supply  and  demand  conditions. 
The  literature  assumes,  for  simplicity,  that  unit  costs  per 
vehicle  are  constant  until  congestion  occurs,  when  they 
rise.  Following  the  exposition  of  Zettel  and  Carll,  a  dia¬ 
gram  describing  demand  and. costs  as  functions  of  the  time 
taken  in  travelling  over  the  length  of  the  highway  is  shorn 

in  Figure  8s'^ 

travel  D 


Beyond  F,  congestion  occurs,  and  marginal  costs  rise  above 
average  costs.  Travel  time  on  the  next  best  alternative  is 
t  ;  so  that  the  demand  curve  is,  in  effect,  t^ZD  ,  If  the 
time  cost  to  the  user  is  t  ,  then  F0  -  F0  units  will  travel 
at  a  marginal  cost  greater  than  the  value  they  place  on  the 
trip.  In  order  to  achieve  the  optimum  flow  of  units, 

1 Richard  K.  Zettel  and  Richard  R.  Carll,  "The  Basic 
Theory  of  Efficiency  Tolls",  Highway  Research  Record,  XLVII 
(1964),  57-58. 
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therefore,  a  toll  equal  to  t2  -  t^  time  cost  has  to  be  levied. 
Walters  provides  a  similar  exposition  with  a  view  to  making 
"marginal  private  cost"  equal  to  "marginal  social  cost"  by 
means  of  a  toll.'^ 

Most  writers  conclude,  however,  that  special  charges 
designed  to  reduce  congestion  can  only  be  considered  tem¬ 
porary  short-run  solutions  pending  long-term  expansion  of 
facilities  to  meet  the  growth  in  demand.  Under  conditions 
of  perfect  competition,  an  increase  in  demand  would,  by 
causing  short-run  profits  to  be  earned,  induce  an  expansion 
of  facilities  until  these  profits  fell  to  zero:  the  public 
authority,  however,  is,  as  we  have  seen,  in  the  position  of 
a  monopolist,  and  the  imposition  of  congestion  taxation  is 
a  form  of  monopolistic  exploitation.  This  fact  becomes  quite 
clear  when  one  is  reminded  that  the  position  and  slope  of 
the  demand  curve  depend  on  what  substitutes  are  available, 
whether  transit  or  alternative  highway  routes.  As  Zettel 
and  Carll  point  out: 

An  elastic  demand  suggests  that  alternatives  to  trips 
on  the  road  are  readily  available,  and  their  comparative 
disutilities  are  not  great.  A  toll  charge  then  gets 
results.  An  inelastic  demand  suggests  that  the. disut¬ 
ility  of  alternatives  is  ga?eat  and  that  little  is  to  be 
gained  by  charging  a  toll.  An  inelastic  demand  involves 
a  high  toll  which  results,  however,  in  relatively  small 
congestion  relief:  at  the  limit  a  completely  inelastic 
demand  would  require  a  large  toll  which  would  bring 
about  a  zero  reduction  in  congestion. 


■^A.  A.  Walters,  "The  Theory  and  Measurement  of  Pri¬ 
vate  and  Social  Costs  of  Highway  Congestion",  mcononetri ca. , 
XXIX  (October,  196.1),  678-81. 

^Zettel  and  Carll,  op .  clt . ,  p.  59* 
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There  are  several  other  practical  questions  concern¬ 
ing  the  congestion  tax  proposal,  of  which  a  good  summary  is 
given  by  Sharp.''’  For  instance,  willingness  and  ability  to 
pay  is  the  only  criterion  the  economist  has  for  evaluating 
alternative  resource  uses,  but  is  it  valid  under  virtual 
monopoly  conditions,  when  willingness  to  pay  does  not  coin¬ 
cide  with  the  "social  value"  of  a  large  number  of  trips, 
particularly  work  trips?  It  is  reasonable  to  assume  that 
some  people f  s  time  is  more  valuable  than  that  of  owners,  but 
the  result  might  tend  to  be  "that  driving  in  cities  would 

I  2 

then  be  limited  to  the  rich  or  privileged."  Are  these 
trips  so  valuable  that  other  trips  should  be  excluded  in 
order  to  expedite  them,  or  should  we  just  leave  the  exis¬ 
tence  of  congestion  to  ration  road  space  without  imposing 
special  charges?  These  are  the  sort  of  questions  which  have 
to  be  asked,  but  proper  elaboration  is  not  possible  in  the 
limited  space  here. 

Some  writers  are  clearly  more  sympathetic  to  the 
idea  of  tolls  than  are  others,  but  most  conclude  that  con¬ 
gestion  may  sometimes  point  to  Inadequate  investment  rather 
than  the  need  for  special  tolls.  For  instance,  Kohring 
concludes  that: 

^Clifford  Sharp,  "Congestion  and  Welfare — An  Exam¬ 
ination  of  the  Case  for  a  Congestion  Tax",  Economic  Jour- 
•i .ml,  LXXVT  (December,  1966),  8.12-13 • 

2Great  Britain,  Traffic  in  Towns:  A  Study  of  the 
Long  Term  Problems  of  Traffic  in  Urban  Areas— Report  of  the 

Steering  Group  (.London :  Her  La j e sty *  s  Stationery  Office , 

.1963) »  paragraph  33* 
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A  considerable  social  loss  is  unquestionably  involved 
in  current  highway  utilization  patterns.  The  fact  that 
user  charges  do  not  vary  with  the  demand  for  highway 
services  undoubtedly  contributes  to  this  loss.  However, 
the  apparent  inadequacy  of  present  urban  highway  net¬ 
works  may  well  be  of  far  greater  importance. 


Herbert  Kohring,  "Relation  Between  Optimum  Conges¬ 
tion  Tolls  and  Present  Highway  User  Charges",  Highway  Re¬ 
search  Record,  XLVII  (1964),  13. 
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CHAPTER  V 


CONCLUSION 

This  thesis  has  been  concerned  with  the  discussion 
of  a  theoretical  framework  in  which  urban  transportation 
problems  may  be  analyzed,  while  at  the  same  time  a  fair 
amount  of  illustrative  data,  has  been  taken  from  particular 
city  studies  which  have  been  done.  Two  major  studies,  those 
of  Chicago  and  Washington,  D.  C.,  have  been  quoted;  and  for 
parochial  reasons  the  Edmonton  studies  have  been  used.'1"  No 
attempt  was  then  made,  except  implicitly  by  way  of  illus¬ 
tration  to  evaluate  the  techniques  used  or  the  results  of 
these  studies-.  Such  an  attempt  is  now  made. 

The  concentration  on  one  particular  mode  of  trans¬ 
portation,  such  as  automobile  travel,  and  the  neglect  of 
alternatives,  such  as  the  various  types  of  transit  solution, 
is  bound  to  lead  to  economic  distortion.  The  Edmonton  stu¬ 
dies,  the  one  concentrating  on  road  investment,  and  the 
other  considering  a  rapid  transit  solution  suffer  from  this 
very  major  defect:  neither  of  them  purports  to  include 
economic  criteria,  and  each  study  was  undertaken  quite  in¬ 
dependently  of  the  other  (though  they  were  both  published 

'^"These  studies  have  been  extensively  quoted  above. 
See  references  in  previous  chapters. 
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about  the  same  tine).  The  Metropolitan  Edmonton  Transpor¬ 
tation  Study,  which  proposes  a  highway-oriented  solution, 
does  attempt  to  project  total  demand  for  all  trips  in  I98O, 
and  estimates  the  proportions  of  travellers  who  will  use 
automobile  rather  than  transit  services.  It  does  so  on  the 
assumption  that  transit  services  will  remain  of  the  conven¬ 
tional  street-bus  type.  The  study  pays  only  "lip  service” 
to  possible  rapid  transit  innovations,  and  does  not  ser¬ 
iously  consider  alternatives  which  include  transit  improve¬ 
ments.  On  the  other  hand,  the  Edmonton  rapid  transit  study 
estimates  demand  on  the  assumption  that  automobile  travel 
times  are  unchanged,  an  unreasonable  assumption  if  roads 
are  to  be  improved  so  as  to  provide  faster  transportation 
as  well  as  keep  pace  with  demand.'^ 

The  problem  of  providing  peak-hour  capacity  is  not 
adequately  considered.  The  KETS  study  concentrates  on  daily 
traffic  flows  as  the  main  determinant  of  investment  needs, 
and  does  not  even  provide  data  on  the  different  traffic 
flows  as  between  peak  and  off-peak  hours.  The  economic 
justification  of  either  of  the  plans  is  neglected:  no 
attempt  is  made  to  calculate  benefits  or  payoffs,  and  pos¬ 
sible  refinements,  for  instance,  pricing  policies  cannot 
therefore  be  considered.  There  is,  therefore,  no  way  of 

"'"It  should  be  noted  that  the  mandate  given  to  Can¬ 
adian  Bechtel  Ltd.  for  the  rapid  transit  study  simply  re¬ 
quired  them  to  design  a  system  capable  of  carrying  two- 
thirds  of  the  expected  CBD-bound  travellers  in  1930,  a 
figure  calculated  by  the  Traffic  Research  Corporation  of 
Toronto . 
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knowing  whether  the  plans  represent  a  below- or  above- op¬ 
timum  course  of  investment. 

The  Washington  Study"*"  does  consider  both  highway 
and  transit  investment  as  one  overall  plan.  It  uses  a 
gravity  model  for  forecasting  1980  "desire  lines"  for  all 
trips  by  any  mode  of  travel  within  the  metropolitan  area. 
Factors  influencing  consumer  choice  among  the  modes,  such  as 
speed  of  travel  and  automobile  ownership  and  income,  are 
analyzed  and  trips  are  assigned  to  the  different  modes  for 
alternative  plans  incorporating  different  "mixes"  of  auto¬ 
mobile  and  transit  facilities.  The  three  main  alternative 
schemes  are  an  "auto-dominant"  system,  and  two  transit- 
oriented  plans,  the  one  based  on  express  bus  operation,  and 
the  other  on  exclusive  right  of  way  rail  operation,  both  with 
comp  lementary  highway  systems.  The  evaluation  of  the  al¬ 
ternatives  is,  in  a  sense,  an  attempt  to  weigh  costs  versus 
benefits  in  a  very  loose  fashion:  costs  are  computed,  and 
the  justification  of  any  one  facility  is  based  on  some 
notion  of  traffic  needs  in  relation  to  costs.  No  detailed 
evaluation  seems  to  have  been  carried  out,  however,  and 
there  is  certainly  no  attempt  to  evaluate  expected  benefits. 
The  "recommended  plan"  is  made  up  of  a  mixture  of  what  were 
thought  to  be  the  most  desirable  elements  of  the  alterna¬ 
tive  schemes,  and  includes  both  freeway  and  rail  or  rxpress 
bus  transit  operation. 

National  Capital  Planning  Commission,  Transporta¬ 
tion  Plan  for  the  National  Capital  Region,  op.  cit. 
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The  Chicago  Area  Transportation  Study  seems  to  be 
the  most  sophisticated  urban  transportation  plan  so  far 
worked  out.  It  makes  detailed  forecasts  of  I98O  traffic 
volumes  between  each  of  582  zones  in  the  area,  and  assigns 
each  trip  by  means  of  a  computer  programme  to  a  given  trans¬ 
portation  network  in  such  a  way  that  travel  times  are  mini- 
2 

mized.  This  basic  traffic  assignment  procedure  does  not 
take  into  account  increases  in  travel  time  resulting  from 
congestion,  and  the  technique  could  produce  impossible 
traffic  loads  on  some  facilities:  a  second  assignment  is 
therefore  made,  taking  into  account  capacities.  As  more 
and  more  trips  are  assigned  to  a  particular  section  of 
route,  travel  speeds  are  reduced,  and  some  redistribution 
of  trips  to  different  routes  is  made  to  minimize  travel 
times.  Deficiencies  and  excesses  of  capacity  are  then 
noted,  and  detailed  modifications  to  the  transportation 
network  can  be  proposed. 

This  procedure  is  applied  spearately  to  road  and 
transit  travel,  the  proportions  of  trips  using  auto  and 
rapid  transit  being  predetermined  according  to  a  study  of 
consumer  choice  and  a  forecast  that  only  "slightly  more 
riders"  would  use  transit  in  1980  than  did  in  I955.* 2 3  The 
necessary  expressway  and  transit  plans  are  then  drawn  up 


‘^CATS,  op.  clt. 

2Ibid.,  Ill,  82. 

3Ibld, ,  III,  15. 
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separately •  Initially,  five  alternative  expressway  plans 
were  considered,  and  1980  traffic  flows  assigned  to  them. 
Refinements  of  one  of  the  plans  according  to  the  procedure 
described  above  led  to  the  final  recommended  plan,  which 
was  the  one  for  which,  in  contrast  to  the  alternatives, 
costs  per  trip  in  1980  would  be  at  a  minimum.  These  costs 
included  construction  costs  plus  travel  costs  (including 
accident,  time  and  operating  costs).  The  main  justification 
for  the  plan  was  dram  up  on  this  basis:  the  objective  was, 
in  fact,  "to  provide  that  transportation  system  which  would 

I 

cost  least  to  build  and  use  over  a  period  of  thirty  years", 
given  the  total  demand.  A  supporting  economic  justification 
Is  made  through  the  application  of  a  hind  of  marginal  rate 
of  return  analysis.  An  interest  rate  of  10#  was  chosen,  and 
the  stipulation  made  tha.t  the  marginal  rate  of  annual  savings 
in  travel  costs  over  investment  should  be  above  this  figure 
the  recommended  plan  had  an  estimated  rate  of  return  of  17.8#, 
while  the  next  more  extensive  plan  returned  only  7.5%. 

A  cost-minimizing  evaluation  similar  to  that  used 

for  expressway  planning  was  also  used  for  the  evaluation  of 

alternative  transit  plans,  but  the  supporting  marginal  rate 

2 

of  return  analysis  was  not  used. 

The  Chicago  study  has  made  what  seems  to  be  the 
most  advanced  attempt  so  far  to  use  economic  criteria  in 

'lr bid.,  Ill,  62-63. 

2Ibid.,  Ill,  95. 
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eva.lua.ting  its  plans,  as  well  as  highly  developed  traffic 
engineering  techniques  with  the  use  of  computer  programming. 
It  included  not  only  estimates  of  construction  costs,  but 
also  of  "travel"  costs,  including  vehicle  operating  costs 
and  "time"  and  accident  costs.  It  did,  however,  exclude 
for  instance  the  costs  of  vehicle  storage,  particularly 
downtown  parking;  yet  this  appears  to  form  a  high  proportion 
of  the  cost  of  any  one  trip.1  The  study* s  method  of  deter¬ 
mining  the  value  of  time  was  discussed  in  Chapter  III,  and 

2 

found  to  be  inadequate.  At  least  the  attempt  was  made, 
however,  and  dollar  estimates  of  the  benefits  of  time,  acci¬ 
dent  and  operating  cost  savings  were  made.  But,  as  Beesley, 
Blackburn  and  Foster  point  out: 

Nevertheless,  the  results  are  marred  by  the  fallacy  of 
the  standard  transport  study  method.  Bemand  is  fixed, 
independent  of  supply.  Thus  detailed  searches  for  the 
optimum  may  be  entirely  at  the  wrong  level  of  traffic. 3 

They  argue  that  demand  depends  to  some  extent  on  supply; 
thus  road  improvements,  for  instance,  usually  attract  more 
users:  in  theoretical  terms,  the  situation  might  be  that 

potential  users  expect  greater  time- savings,  convenience 
and  operating  cost  reductions,  and  the  demand  curve  there¬ 
fore  shifts  out.  If  marginal  cost  and  marginal  benefit  are 
equal  at  the  old  level  of  demand  (an  optimum  situation),  a 
shift  up  in  demand  will  normally  result  in  an  excess  of  mar- 

^ Suora . ,  p.  18. 

2 

Suora. . ,  p .  59’  • 

-^Beesley,  Blackburn  and  Foster,  op. 


cit . ,  p.  249. 
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gina.l  cost  over  marginal  benefit,  unless  price  is  adjusted. 

The  Chicago  study  does  not,  then,  consider  any  que¬ 
stions  of  pricing.  Firstly,  the  expressway  and  transit 
plans  are  kept  too  distinct  and  no  thought  is  given  to  pos¬ 
sible  experimentation  with  prices  on  the  basis  of  elastici¬ 
ties  and  cross- elasticities .  Peak-hour  road  capacity,  for 

instance,  is  almost  certain  to  be  underpriced  if  uniform 

.1 

road  prices  prevail,  and  it  would  seem  to  be  cheaper  to 

provide  much  peak-hour  capacity  by  building  rapid  transit 

2 

rather  than  additional  expressway  lanes.  If,  therefore,  a 
rationalization  of  pricing  policies  could  induce  sufficient 
numbers  of  peak-hour  travellers  to  use  transit  services, 
considerable  savings  on  investment  outlays  would  be  possible. 
As  long  as  peak-hour  users  are  not  required  to  pay  the  full 
marginal  costs  of  the  extra  capacity  they  require,  but  are 
charged  less,  it  is  clear  from  the  analysis  in  Chapter  IV 
that  overinvestment  will  result,  and  marginal  cost  will  be 
above  marginal  benefit  for  peak-hour  travellers. 

The  absence  of  any  practical  attempt,  by  the  Chicago 
study  or  any  other  study,  to  apply  opt innn.pr icing  and  out¬ 
put  policies  suggests  the  need  for  research  in  this  direc¬ 
tion.  Beesley,  Blackburn  and  Foster  conclude  that  particu¬ 
larly  in  regard  to  road  traffic  generated  by  improvements, 
demand  elasticities  with  respect  to  such  factors  as  price, 


'  Surra,  pp.  S4-B 5. 
^ Surra,  pp. '2.7-28. 
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time,  convenience  and  income  will  have  to  be  calculated, 
and  together  with  trend  growth  in  demand  data,  incorporated 
in  the  type  of  model  used  by  the  Chicago  study.  They  think 
that  "there  would  be  no  difficulty  in  incorporating  them  in 
the  mod el," ^ 

Cnee  price-output  optima  for  different  alternative 
schemes  are  achieved,  the  next  step,  in  accordance  with  the 
analysis  in  Chapter  IV,  is  to  calculate  the  future  streams 
of  costs  and  benefits  for  each  scheme  of  projects,  and  dis¬ 
count  them  by  the  interest  rate.  Ideally,  each  project 
I 

should  have  costs  and  benefits  computed  for  it  separately;  .■ 
but  since  the  benefits  (and  sometimes  costs)  of  any  one 
project  depend  on  which  other  projects  are  built,  (particu¬ 
larly  if  they  are  of  the  same  "programme",  e.g,,  the  pro¬ 
vision  of  transportation  services),  such  a  procedure  would 
probably  be  misleading.  Instead,  complete  schemes  involving 
more  or  less  investment  ought  to  be  compared  with  each 
other  and  with  proposed  investments  in  other  programmes, 
such  as  water-resource  development.  The  Chicago  study  in¬ 
stead  uses  the  10%  interest  rate  in  order  "to  arbitrate 
between  competing  demands  for  the  public  investment  dollar", 

by  stipulating  that  annual  returns  (undiscounted)  on  invest- 

2 

ment  should  exceed  this  figure.  The  study  does  not  attempt 
to  apply  proper  discounting  procedures;  it  may  be  noted, 


Beesley,  Blackburn  and  Foster,  op,  clt . ,  p.  25-1. 
2CATS,  op.  clt.,  Ill,  6 3. 
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however,  that  this  omission  need  not  be  serious  if  ex¬ 
pected  benefits  far  exceed  costs. 

This  concluding  chapter  has  tried  to  point  out  the 
deficiencies  in  present  urban  transportation  planning  from 
the  economic  point  of  view,  by  comparing  plans  which  have 
been  dram  up  with  the  framework  of  planning  described  in 
the  thesis.  It  is  recognized,  however,  that  the  suggested 
economic  criteria  may  not  always  be  easy  to  apply  because 
of  lack  of  knowledge  or  data  and  the  need  to  make  detailed 
forecasts  of  demand  and  costs,  and  estimates  of  demand  elas¬ 
ticities.  But  the  sooner  the  importance  of  economic  criteria 
is  recognized  and  techniques  of  evaluating  the  necessary 
data  developed,  the  sooner  it  will  be  possible  to  make  sophi¬ 
sticated  attempts  to  apply  these  criteria  in  order  to  im¬ 
prove  resource  allocation  in  urban  transportation  facilities. 
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